
Entanglementpreserving singlepair measurement of the Bell parameter

Salvatore Virzì1, Enrico Rebufello1, Francesco Atzori1,2, Alessio Avella1,
Fabrizio Piacentini1, Rudi Lussana3, Iris Cusini3, Francesca Madonini3, Federica Villa3,
Marco Gramegna1, Eliahu Cohen4, Ivo Pietro Degiovanni1,5, and Marco Genovese1,5

1INRIM, strada delle Cacce 91, I10135 Torino, Italy
2Politecnico di Torino, Corso Duca degli Abruzzi 24, I10129 Torino, Italy

3Politecnico di Milano, Dipartimento di Elettronica, Informazione e Bioingegneria, Piazza
Leonardo da Vinci 32, 20133 Milano, Italy

4Faculty of Engineering and the Institute of Nanotechnology and Advanced Materials, Bar
Ilan University, Ramat Gan, Israel

5INFN, sezione di Torino, via P. Giuria 1, 10125 Torino, Italy

In 1965, J. S. Bell [1] turned a philosophical debate into a physical experiment capable of
extracting the true nature of correlations in physical systems, opening several research fields
spanning from quantum mechanics foundations to quantum technologies [2]. Over the past
decades, the scientific community has thoroughly investigated Bell inequalities, eventually
achieving loopholefree tests [35]. Nevertheless, some issues still persist: e.g., within the tra
ditional (projective) quantummeasurement framework, the wavefunction collapse and Heisen
berg uncertainty principle forbid performing, on the same quantum system, all the measure
ments needed for evaluating the entire Bell parameter.

Conversely, here we present a method for estimating the entire Bell parameter from each
entangled pair while preserving entanglement [6], ensuring its further availability. This method
relies on weak measurements [7], where a tiny coupling between the observed system and the
measurement device allows estimating the observables of interest while preventing the state
from collapsing: one can therefore measure multiple observables on the same quantum state,
extracting all the correlations needed to evaluate the full Bell parameter from each pair (al
though with a large uncertainty, typical of weak measurements).Our experiment provides new
insights into understanding quantummechanics foundations, like the concept of counterfactual
definiteness [8]. Moreover, after the entanglement is certified, it results almost unaltered and
therefore exploitable for other quantum information protocols or quantum foundations inves
tigations, like testing novel bounds intertwining local and nonlocal correlations.

[1] J. S. Bell, Physics 1, 195 (1965).
[2] I. Georgescu, Nat. Rev. Phys. 3, 674 (2021).
[3] B. Hensen et al., Nature 526, 682 (2015).
[4] M. Giustina et al., PRL 115, 250401 (2015).
[5] L. K. Shalm et al., PRL 115, 250402 (2015).
[6] S. Virzì et al., arXiv:2303.04787 (2023).
[7] Y. Aharonov, D. Z. Albert & L. Vaidman, PRL 60, 1351 (1988).
[8] Y. Aharonov, A. Botero, S. Popescu, B. Reznik & J. Tollaksen, PLA 301, 130 (2002).


