Single-Pair Measurement of the Bell Parameter
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Since their very formulation [1], Bell inequalities [2—4| have been one of the hot topics of quantum
foundations investigation, as well as a fundamental tool for quantum technologies [5]. In the last decades,
and especially in the recent years, the scientific community worldwide has put a lot of effort towards
exploring them |2, 3, 6-8], but none of the experiments so far was able to extract information on the
full inequality from each entangled pair. This is due to the fact that the wave function collapse forbids
performing, on the same quantum state, all the measurements needed for evaluating the entire Bell
parameter.

Here we present, instead, the first single-pair Bell inequality test, able to estimate a Bell parameter
value from each entangled pair. This is achieved by exploiting weak measurements [9-12| in sequence,
allowing to measure non-commuting observables on the same quantum state without collapsing it.

Such an approach, on the one hand, provides new insights into understanding the foundations of
quantum mechanics, like the concept of counterfactual definiteness [13]. On the other hand, it grants
unprecedented measurement capability because, after the Bell parameter measurement certifying the
entanglement within the state, such entanglement remains almost unaltered and therefore exploitable for
other practical purposes like, e.g., quantum technology protocols [5].
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