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From bright to low light imaging
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From bright to low light imaging
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Let’s look at quantum picture

Bright state in Bright state out Low-light state in Low-light out

α2
out = α2

inT

V = 1 + (δX 2
sq/asq − 1)|O|2T

Eugeniy E. Mikhailov (W&M) Imaging Quantum-Noise and with it SPIE 2025/01/29 4 / 26



Detector dark noise

“Quantum-Limited Squeezed Light Detection with a Camera”, Phys. Rev. Lett. 125,
113602
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Imaging quantum noise
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Imaging quantum noise with binning

V = 1 + (δX 2
sq/asq − 1)|O|2T
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Shadow imaging

Vpr = 1 + (δX 2
ref − 1)|O|2T

T =
Vpr − 1
Vref − 1

T =
|αpr |2

|αref |2
=

Npr

Nref
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Similarity Parameter

S =

∑
TexpTo√∑
T 2

exp
∑

T 2
o
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Similarity Parameter

Savannah Couzzo

S =

∑
TexpTo√∑
T 2

exp
∑

T 2
o

"Low-Light Shadow Imaging Using Quadrature-Noise Detection with a Camera", Advanced
Quantum Technologies, 2100147, (2022).
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Imaging with thermal light

Ziqi Niu

"Weak Thermal State Quadrature-Noise Shadow Imaging", Optics Express, Issue 16, 30,
29401–29408, (2022).
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Structural light imaging: single pixel camera

Reconstructed object

Ob(x , y) =
1
M

SmPm(x , y)
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Structural light classical homodyning

Charris Gabaldon

"Wave-Front Reconstruction via Single-Pixel Homodyne Imaging", Optics Express, Issue
21, 30, 37938–37945, (2022).
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Structural light imaging with quantum noise

Vm = 1 + (δX 2
sq/asq − 1)|Om|2

Om =

∫
A

Pmulou∗
qTdA

ulou∗
qT =

1
M

∑
OmPm(x , y)
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Structural light imaging with quantum noise
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Structural light using different quadratures

Vm = 1 + (δX 2
sq/asq − 1)|Om|2

Om =

∫
A

Pmulou∗
qTdA

ulou∗
qT =

1
M

∑
OmPm(x , y)

"Quantum fluctuations spatial mode profiler", AVS Quantum Science, 5, 025005, (2023).
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What is the mode?

Classical modes (Electric field distribution)

Quadratures probability

Eugeniy E. Mikhailov (W&M) Imaging Quantum-Noise and with it SPIE 2025/01/29 18 / 26



Gaussian state, joint probability density and covariance matrix

W (q,p) =
1

2π
1

σqσp
e
− 1

2 (
q2

σ2
q
+ p2

σ2
p
) W (q,p) =

1
2π

1√
Σ

e− 1
2 ((q,p)Σ

−1(q,p)T )

Σ =

(
σ2

q C
C σ2

p

)
,C = ⟨qp⟩
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Gaussian states mixture

W (q1,p1,q2,p2, · · · qn,pn) =
1

(2π)n
1√
Σ

e− 1
2 ((q1,p1,q2,p2,···qn,pn)Σ−1(q1,p1,q2,p2,···qn,pn)T )

Σ =



Σ1
Σ2

·
·

·
Σn



Σi =

(
σ2

qi
Ci

Ci σ2
pi

)
,Ci = ⟨qipi⟩
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De-composition of covariance matrix to a basic states
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Single mode in pixel space

Shape U(x , y)

Probability W (x ,p)

Covariance matrix Σ
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Gaussian states mixture

Input states
Truncated covariance matrix Σ
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How to measure covariance matrix

Required measurements: (2Np)
2/2
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Real data
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Summary
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