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Bell inequalities are one of the cornerstones of quantum foundations and fundamental tools
for quantum technologies [1], tied to specific aspects of quantum mechanics, such as quantum
non-locality [2], sources of debate in the physicists’ community.

Recently, the scientific community worldwide has put much effort towards them, culminat-
ing with loophole-free experiments [3]. Nonetheless, none of the experimental tests so far was
able to extract information on the whole inequality from each entangled pair, since the wave
function collapse forbids performing, on the same quantum state, all the measurements needed
for estimating the entire Bell parameter.

We present here the first single-pair Bell inequality test [4] able to obtain a Bell parameter
value for every entangled pair detected. This is made possible by exploiting sequential weak
measurements, allowing to perform non-commuting measurements in sequence on the same
state, on each entangled particle. Such a feature not only grants unprecedented measurement
capability, but also removes the need to choose between different measurement bases [7]. We
also demonstrate how this can be related to negative probabilities that can be directly extracted.
Indeed, the attempt to introduce joint probabilities for incompatible observables leads to ”un-
physical” negative probabilities. This is particularly evident in the case of Bell inequalities.
Here we present the first direct experimental determination of negative probabilities by ex-
ploiting sequential weak measurements in a Bell scenario, discussing its implications. We will
discuss in detail the possible applications and the impact on Foundations of Quantum Mechan-
ics.

Then, as a further use of sequential weak measurement, we present a test [5] of the rela-

tivistic independence proposed in [6].

Finally, next developments will be presented.
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