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Quantum photonics is also about:
Generation, distribution, manipulation and detection of light.

But in a Quantum ‘’fashion’’ 

More secure 

Better accuracy 

Faster computation 

Single photon

laser

NL crystal

Twin photons

and more …

Q-communication 

Q-Processing 

Q-metrology 
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• The tensor product of 2 qubits:

• But there are 2 qubits states that cannot be written as such 
called entangled state:
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First experimental realisation:
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Polarization density:

Linear function of the electric 
field.

But under strong pump fields and specific crystal symmetries:

In a dielectric material, a pump field oscillating at a given angular frequency creates a 
deformation of the charge distribution in a crystal called polarisation density.

The polarisation density also depends on higher orders of    .

This non linear form allows the distribution to 
oscillate not only the frequency of the pump but also 

at linear combination of this frequency.
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Conservation laws:

Kwiatt et al., (1995)

Type II
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2. Fundamental tests on nonlocality
•  Correlations nature & origine
•  Bell non-locality
•  Eberhardt inequality

1. Introduction
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Two 
possible origins 

for classical 
correlations

• The professor yell and the 
students calm down.

Through a signal between 
two subsystems:

With a pre-established 
strategy:
• The professor establish rules 

at the beginning of the year.

# No chit-chat.
# No changing seat.
# Listening quietly. 

systems:
professor

+
student
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« Spooky » action 
at a distance

A and B gets the same answer,
Whatever the question! 

(exclude strategy)

Whatever the distance!
(exclude signaling)

Strong Q-correlations
provided by entangled states 
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correlations
invariant through rotation
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X Y

A B
Source

(X,Y) : settings
(A,B) : outcomes

Locality formalized:

Outcome independence:

parameter independence:

measurement independence:

Brunner et al, Rev. Mod. Phys., 86, No. 2 (2014)
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Quantum predictions 
contradict Bell’s locality 

Power of entanglement

Device Independent Applications 
(Device Independent Quantum Information Processing) 

X Y

A B
Source

| i = 1/
p
2 (|HaHbi+ |VaVbi)

•Pair of particles        well defined properties 
• Individual particles       NO well defined properties
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Coincidence:
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Detection Loophole !
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•  Limited Detection Locality (LDL)
- Theoretical framework
- Experimental demonstration

1. Introduction
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Relaxing the non-conspiracy assumption:
Assume an adversary can influence the choices of 

measurement (but only to a certain extent).

(limited measurement  
dependence)

Then locality is now rewritten:

called l-measurement dependent local
Bell-like inequality:

Any pure non maximally entangled state* & every l > 0
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MDL inequality violated for 

Results

Theory: Puetz et al, PRL, 113 190402 (2014)  
Experiment:  Aktas et al, PRL, 114 220404 (2015)  

2) Detector’s noise is not the main limitation. 
1) Standard Bell test cannot do better than ` > 0.149

An adversary would need to be able to prevent a given settings 
to appear with a probability less than 9% 

to mimic nonlocal correlations 
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Detection loophole:

overall detection  
efficiency 

Granting nonlocality  
with Bell’s Inequality

Sourceµa µb ⌘b⌘a

Giustina et al, Phys. Rev. Lett. 115, 250401 (2015)
Shalm et al, Phys. Rev. Lett. 115, 250402 (2015)
Hensen et al, Nature 526, 682 (2015)

� 2/3
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Computing LDL inequality:
Suppose that there exist fixed and with

such that
(and same for Bob)

We can now focus on the postselected limited detection 
local distributions:

Bell-like inequality:

for every      &     > 0⌘min⌘max
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Design B. Gay-Para
Post-processing G. Sauder
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We conclude that we can 
reveal non locality for :

Theory & experiment: Puetz et al, PRL 116, 10401 (2016)

An adversary would need to lower the overall 
detection efficiency below 26.7% to mimic non-local 

correlations
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1. How to compute new Bell like inequality.

2. (MDL) How to relax a strong original assumption of 
measurement independence.

3. (LDL) Still attest for non-locality in lossy experiments.

Beyond standard Bell tests:

Which may be useful for (semi-)DIQIP 
applications



Thanks for your attention !

The QILM team @ CNRS LPMC Nice (& GAP Geneva) sebastien.tanzilli@unice.fr
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Distributing ET-entanglement

150 km

Fiber links + DCF modules
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0 km &150 km

Aktas et al, LPR 10, p451 (2016) 
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0 km &150 km

Similar patterns and V’s are obtained for all pairs of channels @ 150 km
Key rate scales with the number of exploited paired channels…

Aktas et al, LPR 10, p451 (2016) 
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