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through Scattering Media

Quantum-enhanced 
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Entanglement Certification
Entangled Bell State:

Ψ =
1

2
( 𝐻𝐻 + 𝑉𝑉 )
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John S. Bell

Alain Aspect
Quantum Key Distribution,
Quantum Computations,...

Applications :  

Alain Aspect Experiment

Separable State:

Ψ′ =
1

2
𝐻 ⊗ ( 𝐻 + 𝑉 )

Stonebraker Design 
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States entangled in high dimensions

d = 2 :

Ψ =
1

2
( 𝐻𝐻 + 𝑉𝑉 )

d > 2 :

Ψ = 

1≤𝑘≤𝑑

𝑎𝑘 , 𝑏𝑘

Generation : 

Why ?

SPDC : Ψ = σ𝑘 𝑘,−𝑘 = σ𝑥 𝑥, 𝑥

Kiesel, Nikolai. Experiments on Multiphoton Entanglement. 



Certifying entanglement with a camera : EPR criterion

Fourier Imaging:

Δ𝑘+
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Certifying entanglement with a camera : EPR criterion

Standard imaging:

Δ𝑥−
Entanglement 
certification:
Δ𝑥− Δ𝑘+ < 1/2
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Tpx3Cam : Setup

Measurement bases: 
- Position
- Momentum

8

Crystal

Camera

Total Intensity



Standard Imaging: Fourier Imaging:

Δ𝑘+ = 4113 ± 2 𝑚−1Δ𝑥− = 3.22 ± 0.01 × 10−5𝑚

Δ𝑥− × Δk+ = 0.132 ± 0.001 < 1/2 Entanglement Certification

Tpx3Cam : Results
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Introducing additional measurement basis

Fractional Fourier Transform :

- More information on the state
- Entanglement criteria more robust to 

noise

2 Bases N basesCertifying entanglement with an unknown arm

?

10


	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10

