
Focusing entanglement through

scattering media

Hugo	Defienne



Quantum	optical technologies

e.g.	quantum communication,	computing,	imaging,	sensing,	…

Wavefront shaping

Cao,	Most	&	Rotter.	Nat.Phys.	18,	994–
1007	(2022)

Fondamental	
questions

Optical	communications

Motivations

Optical	
computing

Astronomy

Microscopy

Spatial	Light
Modulator (SLM)

Scattering
medium

Non-classical properties Weak	intensity Fragiles



Wolterink,	Uppu,	Ctistis,	Vos,	Boller &	Pinkse.	
PRA	93,	053817	(2016).

Manipulation	of	quantum	
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Goal:	Manipulating entanglement through scattering media
by	wavefront shaping
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Unbiased Bases

‘MUB’

Spengler,	Huber, Brierley,	Adaktylos &	Hiesmayr.	PRA, 86(2),	022311	(2012)
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	Δx	Δk = 0,1013(1) 	< 1
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Fourier	imaging
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Spatial	entanglement

Entanglement	is a	form of	correlations robust to	change	of	basis

→ Preserved in	MUBs

Ndagano*,	Defienne*,	Lyons,	Strashynov,	Villa,	Tisa,	Faccio.	npj Quant.	Info.	6,	94	(2020)

In	practice,	we use	them to	certify its presence
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Spatial	entanglement through scattering
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Wavefront shaping and	coherence
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1st	order	spatial	
coherence

2nd	order	spatial	
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Popoff,	Lerosey,	Carminati,	Fink,	Boccara & Gigan,	Physical	review	letters, 104(10),	100601	(2010)



Experimental results

camera

Laser	405nm
V-pol

BBO
SLM

Thin scattering medium

Fourier	imaging

Conjugated planes



Experimental results
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1. Transmission	matrix	
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cameraCCD

2.	Propagation	on	computer

D@AB = CD;<	CB
3.	Find	SLM	pattern	optimizing	

entanglement	criteria
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Popoff	et	al.	PRL104,	100601	(2010)
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Courme,	Cameron,	Faccio,	Gigan and	Defienne.	PRX	Quantum	(in	press:	ArXiv 2207.02333)	



Experimental results

Manipulate second-order spatial	coherence

Courme,	Cameron,	Faccio,	Gigan and	Defienne.	PRX	Quantum	(in	press:	ArXiv 2207.02333)	

Certify the	presence of	entanglement after the	medium
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Handwaving explanation ?

Under	investigation

Optimisation	finds another basis:

	Δx	Δk′ = 0,1519(2) 	< 1

CG →



Towards imaging ?

Entanglement	is a	form of	correlations robust to	change	of	basis
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