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Observing Run Plans

https://observing.docs.ligo.org/plan/
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Synopsis: Feeling the Squeeze at All

Frequencies

April 28, 2020 « Physics 13, 555

Two teams demonstrate frequency-dependent quantum squeezing, which could double the sensitivity of

gravitational-wave detectors.
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Yuhang Zhao et al.,
Phys. Rew. Lett. 124, 171101 (2020).

Frequency Dependent Squeezing (FDS)

The F|rst Experlmental Realization of FDS at 70 Hz.
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Pattern Recognition & Machine Learning:
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Convolution Neural Network (CNN)
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Shortcut Predicred

Quadraturc Convolutional Average matrix DCﬂSily e
sequence lavers pooling Flattening Normalization matrix by YI Ru Chen Hsieh-Yi HSIeh
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- Toward QST to Extract Degradation information
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Squeezed state with loss Density matrix in number basis

0.8 1
20 anti-sqQ (thm) >\ ! —
w— 0 |:1r-|?n. ’ :’E 06 g
- = anb-$q (thm. perfect eff)
15 - - -.qil'.hr:n ;:-rh-cr eff) 03_ 0.4 E—
-~ 10
& Exp. 02|
- 5 |
3
0 0 0 : :
3 0 2 4 6
2 5 ~ Squeezing level [dB]
“ 0 Tt -
15 T - L - Wigner function
-20
0 20 40 60 80 100
Pump power (mW) 2l

Hsieh-Yi Hsieh, Yi-Ru Chen, et al.,
Phys. Rev. Lett. 128, 073604 (2022).




QST: with Acceleration

Hsun-Chung Wu et al., arXiv:2501.04327 (2025).
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H.-Y. Hsieh, et al., Phys. Rev. Lett. 128, 073604 (2022).




Hsieh-Yi Hsieh et al., (in preparation).

Multi-Parameters Quantum noise spectrum Marginal parameter
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Y More than Non-Classicality:
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Squeezed State Machine-Learning Non-Gaussian:
in Taiwan Quantum State Tomography Fock and Cat States

MACHINE
LEARNING

ML-Quant. State Tomography, Phys. Rev. Lett. 128, 073604 (2022); Optica cat states by photon-addition, Phys. Rev. A 110, 023703 (2024):
Wigner Current, Phys. Rev. A 108, 023729 (2023); ML-Fock State Tomography, Phys. Rev. A 110, 053705 (2024);
Quantumness Measure from phase space distributions, (arXiv: 2311.17399);

Review on Quantum ML, Advances in Phys. X 8, 2165452 (2023):
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Hsieh-Yi Hsieh, et al., PRL 1

28, 073604 (2022).
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« Negativity in Probability _ .
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Single-photon; [n=1>

Optical Cats: Photon-Addition

The First Experimental Realization with photo-addition.
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Hsien-Yi Hsieh et al., PRA 110, 053705 (2024).] Yi-Ru Chen et al., PRA 110 023703 (2024),
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Optical Cats: Photon

Yi-Ru Chen et al., PRA 110 023703 (2024).

SQZ/ASQZL = -3.8:3.9dB -6.3:7.3 dB -7.6:11.6 dB -8.9:15.1 dB

Th
@) -0 2@ “(d)

0.06 0.06

01 0.14 0.14
| - 0.04 0.04 £ 0.04 0.04
e
o N . 0.05+
O " QN e 0.02 04> . 0.02 0 0.02 0.02
a TS o o o
X 01 > X.014 o X o X 0
> > = 0.7+ >
0.2 4 -0.02 0.02 -0.02 -0.02
0.2 §
-0.2 4
034 0.04 0.04 0.04 0.5 -0.04
5 5 -0.08 0.08 -0.06 -0.06
0 0
5 5 -0.08 0.08 -0.08 -0.08
P X
(e) Experiments 008 (f) 2 ce (g) 0. (h) 0.08
0.06 006 0.0¢ 0.06
0.15 - 0.15 0.15 4
¢ 0.04
014 0.04 0.04 0.1 0.0 0.14
_ 0.05+ e 22 0.054 002 0,05+ 002
Q. Q. C. Q. |
E 0 0 x 0 x 0 X . 0
= = = 2SSTAN NP2 s
-0.05 | <002 - | -0.02 -0.05 4 oo 0.0 _p,05+ -0.02
0.1 -0.04 -0.04 0.1 0.0 -0.04
-0.05 -0.08 -0.0 .0.08
-0.08 -0.08 -0.0 .0.08

photon number, n = 0.16




oA 1° sy,

Machine Learning Enhanced Quantum State Tomography:

Juan Camilo Rodriguez Perez, et al.,
arXiv: 2501.xxxxx (2025).
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Hua Li Chen, et al., in preparation (2025).
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Outlook: Bigger, Entangled, and to GWD

Optical Cat States: ML-QST: Quantum Sensors:
Non-Gaussianity Entanglement Gravitational Wave Detector
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e Largest Big Optical Cat (two-photon addition) e ML-QST for Entanglement in 2 mode SQZ e EPR-SQZ, Teleportation
 GKP states as Error-Correcting Code  Quantum Teleportation/Gate e Quantum Filter, SU(1,1)

* Probe the Decoherence e Entangled Cats * non-Gaussianity for GWD



HZAKE, BH-GW science exhibition, 2025-2029

“Black Hole and Gravitational Waves - - Attractive Attractive Force (2025-2028)”
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Thank you for your attention.




