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* Energy quantization

* Equally spacing in energy difference
* Zero-point energy = 0
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Quadrature

Vacuum state

time-sequence

Phase (rad)

* Planck constant: .4

 Discrete Energy levels:
* Quantum states : | ¥ >

» Wave-function

* Probability distribution
» Wave-Particle Duality
 Uncertainty Relation

+ Vacuum fluctuation

Vacuum State:
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Poisson

X, Position

Gaussian wave-package " | p, Momentum

phase/time
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Q> Newport’ Products - Resources- Support-~

Products / Light Analysis / Optical Receivers / Balanced Optical Receivers

Clearance: Balanced Optlcal ReCEivers

1st -> 2nd generation | For noise sensitive experiments, we offer balanced photoreceivers that suppress up to 50 dB of
laser / source intensity noise in experimental set-ups. These balanced optical receivers with two
15->24 dB at 6mW well-matched photodetectors can eliminate the need for lock-in amplifiers and can make all of the
20->30 dB at 30mW difference when you are trying to detect a small signal in applications like absorption
spectroscopy, or heterodyne detection. Please see our Balanced Detector Guide for additional
information.

CMRR (common mode rejection ratio) > 84.27 dB

EOM driving frequency :5MHz,
Span: 200kHz, RBW:100Hz

§ -9.15dBm
one-input
C.ourtesy: ) .. | ﬁ | -93.42dBm ﬁ

1) g

e St AN W

Chien-Ming Wu, et al., “Detection of 10 dB vacuum noise squeezing at 1064 nm by balanced homodyne detectors
with a common mode rejection ratio more than 80 dB,” Conference on Lasers and Electro-Optics (CLEO), JTu2A.38 (2019).
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Noise power (dB)

anti-sq (thim)

— q (ThmM

= = anb-5q (thm, perfect aff)

= = 34 (thm, perfect eff)

Pump power (mW)

Hsieh-Yi Hsieh, Yi-Ru Chen, et al.,
Phys. Rev. Lett. 128, 073604 (2022).
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Squeezing level [dB]

Wigner function

Density matrix in number basis
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Quantum
State Tomography

Machine-Learning

Non-Gaussian:
Fock and Cat States

UANTUM
MACHINE

LEARNING

ML-Quant. State Tomography, Phys. Rev. Lett. 128, 073604 (2022);
Wigner Current, Phys. Rev. A 108, 023729 (2023);

Optical Cat States by Photon-Addition, Phys. Rev. A 110, 023703 (2024);
Machine-Learning-Fock State Tomography, Phys. Rev. A (arXiv: 2405.02812);
Quantumness Measure from phase space distributions, (arXiv: 2311.17399]) ;

Review on Quantum ML, Advances in Phys. X 8, 2165452 (2023):
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Quantum State Tomography:

Inverse—-Radon transformation

Hsieh-Yi Hsieh, Yi-Ru Chen, et al.,
Phys. Rev. Lett. 128, 073604 (2022).
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Pattern Recognition & Machine Learning:
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hine Learning (SQ Learner):

® Squeezed Vacuum State: pgg = SpoST
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Wigner quasi-probability distribution:

Squeezed States (CV)
continuous variables
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The First Experimental Reconstruction

Yi-Ru Chen et al., Phys. Rev. A 108, 023729 (2023).




Wigner Currents in Decoherence

. v (2)
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Toff X X(Q) |a‘ — |§H %OPO: effective time (via Pump)

Yi-Ru Chen et al., Phys. Rev. A 108, 023729 (2023).
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QST: with Acceleration

Hsun-Chung Wu et al., (in preparation, 2024).
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Squeezed States (CV)
continuous variables

A

non-classicality

single-photon (DV)
discrete variable

Cat States (CV)

Ole Steuernagel and RKL,

Quantumness Measure from Phase
Space Distributions,

(arXiv: 2311.17399)].
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Non-Gausslan States:

hegative
probability

Quadrature (a.u)

CV:
Negativity
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Non-Gaussian States:
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Hsien-Yi Hsieh et al., arXiv: 2405.02812(2024).
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- Optical Cats: Photon-Addition

The First Experimental Realization with photo-addition.
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Yi-Ru Chen et al., PRA 110 023703 (2024).




Optical Cats: Photon-Addition
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Bayesian quantum state tomography not only provides uncertainty in the estimation of

parameters but also the correlation among parameters.
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Plan : Use Optical Phase Locked Loop to lock the frequency difference between two lasers
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v Current Activities:

Optical Cat States: ML-QST:
Non-Gaussianity Entanglement

Quantum Sensors:
Gravitational Wave Detector
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e Largest Big Optical Cat (two-photon addition)

 GKP states as Error-Correcting Code

 ML-QST for Entanglement in 2 mode SQZ * Frequency-Dependent Squeezing (FDS)

e Quantum Teleportation/Gate e EPR-SQZ

* Probe the Decoherence  Entangled Cats

e Quantum Filter



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).
v Direct parameter estimations from ML-enhanced Quantum State Tomography, Symmetry, 14, 874, (2022).

¥ Neural network enhanced single-photon Fock state tomography, [arXiv: 2405.02812] (2024).

v Video: Wigner current in Decoherence, phys. Rev. A 108, 023729 (2023)

v Quantum Jump: No Wigner current for single-photon, farxiv: 2307.16510]

v FPGA: in-line ML, in preparation (2024).

v Utilize: Heralded optical Schrodinger cat' states by photon-addition, phys. Rev. A 110, 023703 (2024)

Reinforce Learning-QST Non-Gaussian States, in preparation (2024).
antumness Measure [arxiv: 2311.17399] (2023).

Advances in Ph



Thank you for your attention.




