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Causal Inference’s aim is to decide which causal 
models are compatible with observed data. 

If correlation doesn’t imply causation,
then what does?

Observed 
data

Causal
explanation

Causal Inference



Some definitions
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Applications of  Bell Inequalities 
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Local Hidden Variables (LHV) Model
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Bilocal Hidden Variables (BLHV) Model
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Bilocal case:

n-local case:

n-locality in a star-network 

Optimal violation can be obtained through separable measurements!!!

The inequalities make the explicit 
assumption that the sources are 

independent



Experimental implementation 

4 independent entangled sources.

4 independent lasers to pump the nonlinear 

crystals.

5 Time-taggers.

Up to 1024 separable measurement were 

performed.

Violations were obtained within a coincidence 

window of  80µs as well as 0.49µs.

Upper bound



Experimental Results

Measurements                          

Non-classicality demonstrated 
for different number of  
measurement settings (k) and 
involved sources (n).



Ruled-out models

N=2

N=5N=4
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Non-classicality demonstration of  the implemented networks

with different number of  nodes.





Ø Experimental realization of more complex networks

- We experimentally performed a scalable quantum network with:

Increasing number of  sources.

Increasing number of  measurement settings.

Certification of  nonlocal correlations among the parties.

Ø Machine Learning for characterizing non-local correlations

Summary and perspectives


