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The Bell-CHSH inequality
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The CHSH inequality
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The CHSH inequality is violated
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“Energy-time entanglement”

Two particles exhibit energy-time entanglement when they 
are emitted at the same time (in an energy-conserving 
process) and the uncertainty in the time of emission makes 
undistinguishable two alternative paths that the particles 
can take.



Franson’s Bell-CHSH experiment



Aerts, Kwiat, Larsson and Zukowski’s criticism



Aerts, Kwiat, Larsson and Zukowski’s conclusions

Aerts et al. showed that, even in the ideal case of perfect 
preparation and perfect detection efficiency, there is a 
local hidden variable model that simulates the results of  
quantum mechanics for the Franson experiment. This 
model proves that:

“The Franson experiment does not and cannot violate 
local realism”.

“The reported violations of local realism from Franson
experiments have to be reexamined”.



Realizations of the Franson’s experiment before 1999



Realizations of the Franson’s experiment after 1999



Long-distance all-in-fibre entanglement experiments
at telecom wavelengths



Franson’s Bell experiment
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Energy-time vs. time-bin entanglement

In energy-time experiments, a non-linear crystal is pumped continuously 
by a monochromatic laser so the moment of emission is unpredictable in a 
temporal window equal to the coherence time of the pump laser. 

In time-bin experiments, a non-linear crystal is pumped by pulses 
previously passing through an unbalanced interferometer, so it is the 
uncertainty of the arrival time of the pump pulse to the crystal what causes 
the uncertainty in the emission time.
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Local hidden variable model for the Franson experiment
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Local hidden variable model for the Franson experiment
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Franson’s energy-time Bell experiment
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There is no LHV model
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First implementation

A. Rossi, G. Vallone, F. De Martini, and P. Mataloni, PRA 78, 012345 (2008).



Hyper-entanglement

A. Rossi, G. Vallone, F. De Martini, and P. Mataloni, PRA 78, 012345 (2008).



Can you do exactly this experiment?
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Energy-time entanglement in other physical systems?

Electronic systems?

Neutrons?

Other systems?



Collaborators

A. Cabello. A. Rossi, G. Vallone, F. De Martini, and P. Mataloni, PRL 102, 040401 (2009).
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