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Frequency Dependent Squeezing Measurement

Hi_f: squeezed; 3.4(4)dB

      (phase squeezing)

Lo_f: Anti-squeezed

      (amplitude squeezing) 

Phys.	Rev.	Lett.124,	171101	(2020).
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Simulation code based on 

PRD 90, 062006 (2014).
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10dB squeezing reduces shot noise, 

but contributed 20dB to the radiation pressure noise. 
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Low frequency region
High frequency region

Middle frequency region

Diagnosis with Quantum State Tomography

Can we Monitor the purity of the quantum state?  
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Local Oscillator
θ

|ψ⟩out

SignalQuantum 
Device|ψ⟩in

Reconstruction Algorithms 

Probability distribution 
Pr(q, θ) 

< 1s to 
reconstruct

few minutes 
to reconstruct

Max. Likelihood Estimation, MLE

Machine Learning (SQ Learner), CNN

Diagnosis with Quantum State Tomography
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Pattern Recognition & Machine Learning

Convolution	Neural	Network(CNN)

by	Hsieh-Yi	Hsieh
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at Least several Hours to 
reconstruct wavefunction

Fidelity:
F (⇢,�) ⌘ [Tr{

pp
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p
⇢}]2

<latexit sha1_base64="yuQZ6WBSg9BAAhci6yv97hNvcT8="></latexit>

Machine Learning (SQ Learner) vs MLE

8	-14	dB	
Squeezing

2K		
Data	Points

in less than one Second  

Real-Time Reconstruction
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sq:	7.39dB	
anti:12.16	dB	

sq:	7.91dB	
anti:18.56	dB	

• MLE: over-estimate (over-fitting 
problem)  

• Exp-fitting: under-estimate (lack 
of thermal reservoir information)



10

Local Oscillator
θ

|ψ⟩out

SignalQuantum 
Device|ψ⟩in

Reconstruction Algorithms 

Probability distribution 
Pr(q, θ) 

Quantum State Tomography with ML 

< 1s to 
reconstruct

few minutes 
to reconstruct

Max. Likelihood 
Estimation, MLE

CNN,

Machine Learning
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CONVCONVCONVCONV

Next: FPGA Acceleration of Convolutional Neural Networks

CONV POOL CONV POOL… FC

Memory CPU

FPGA

PC

DE10-Standard

• Parallel capability of processing the data

• Reducing the loading of CPU

Real-time Q-State Tomography: with FPGA Accelation
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• 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.  

•

Summary
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Thanks for your attentions ^.^ 


