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Synopsis: Feeling the Squeeze at All ' m% b,
Frequencies

Frequency-Dependent Squeezed Vacuum

April 28, 2020 « Physics L3, 555 Source for Broadband Quantum Noise
Reduction in Advanced Gravitational-Wave
Two teams demonstrate frequency-dependent quantum squeezing, which could deuble the sensitivity of DEteciors
gravitational-wave detectors. Yuhang Zhao, I:IJaoki Aritomi, Eleoncra L;,apccasa,
. 5 : 5 Matteo Leonardi, Marc tisenmann, Yuefan Guo,
The First Experimental Realization of FDS at 70 Hz. Elacnara Poling, Akdbiro Torura, Koji Aai, Voichi

A=, Yao Chin Huang, Ray Kuang Lope, Harald
Lick, Osamu Miyakawa, Fiarre Prat, Ayaka
Sheda, Matzeo Taccz, Ryutaro Takahaszhi,
Henning Vahlbruch, Marce Vardare, Chien-Ming
Viu, Mattec Barsuglia, and Raffaele Flaminio
Phys. Rew. Lett. 124, 171101 (2020

Fublished April 2, 2020
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Degradation in Squeezers
e e—— —

w/ NAOJ PRL 124,
171101 (2020).

Unavoidable coupling from the noisy environment makes the quantum
light in a mixed state with Degradation embedded.

v Extract the Degradation Information in Squeezed States with

Machine Learning, phys. Rev. Lett. 128, 073604 (2022); Fiscal Year 2021

v Direct parameter estimations from Machine Learning-enhanced Quantum State Tomography, Symmetry,
14, 874, (2022); Fiscal Year 2022

v Neural network enhanced single-photon Fock state tomography, Adv. Quant. Tech. (Invited Paper, 2024);
Fiscal Year 2023

v Reconstruct \Wigner current in Decoherence, phys. Rev. A 108, 023729 (2023);
Fiscal Year 2023

= Utilize: Generation of heralded optical Schrodinger cat’ states
by photon-addition, arxiv: 2306.13011 (2023); Fiscal Year 2023
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Cavity Parameter Value Units
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Convolution Neural Network (CNN)
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Applications of real-time tomography in squeezed state:
« Monitor the purity of a quantum state in real-time, and reveal the dynamics.

« The purity of a normalized quantum state is a scalar defined as: 5 e o
y=tr(p?) , 0<7=1
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Hsieh-Yi Hsieh, Yi-Ru Chen, et al., Phys. Rev. Lett. 128, 073604 (2022).




Squcezing level (dB)

Degradation: Loss and Phase noise

=

—  Exp-fitting

0 S 10 15 20 25
Anti-squeezing level (dB)

Correlated
Sideband Pair

- |

AN '.U f O Uppef : L“‘: L
Pumpz(') 'o,"\v'.'\'ﬂl'ﬁ - ,N\“."H»l SldEbaﬂd| —
VWWYVVIU Y S ) ‘ L OWEel : ".r:‘hj; OIS o

Vacuum o

V4 = (1 = L)[V,3 X cos’d + V& x sin’8] + L,

Ve = (1 — L)[V® X cos?d + Vi x sin8] + L,

1

CoefTicient

oo . _0
el 0 o

0.81

S
O\

=
'S

=
)

——

5 10 15 20
Anti-squeezing level (dB)

0= 0101 +c1 pjl +di | SO
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ML: Direct Parameter Estimations
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Phys. Rev. A 108, 023729 (2023).

Exp. Reconstruction

Yi-Ru Chen et al.,

Dynamics of Squeezers

Simulation
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Yi-Ru Chen et al., Phys. Rev. A 108, 023729 (2023).
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Wigner Function, W(X,P)

Can we Monitor the purity of the quantum state?
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SQB1
ESQB1

by Hua Li Chen

OMM: Output mode matching

OMC: Output mode cleaner

SQB: Suspended squeezing Bench

ESQB: External Suspended squeezing Bench
FCEB: Filter cavity external bench

ITF : Interferometer
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