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Bell nonlocality as a resource for quantum technologies

Quantum correlations have sparked the interest of both experimental and theoretical quantum
researchers. Not only do they teach us something about the surprising properties of nature, but they
also pave the road towards technological applications. The most notorious types of quantum
correlations are those that are manifestly nonlocal and allow us to violate Bell inequalities [1]. While
these exotic correlations are notoriously difficult to achieve and protect, they are a core resource for
device-independent quantum communication protocols. Yet, beyond the realm of quantum
communication, Bell nonlocality has not often been explored as a key technological resource. In this
project, we aim to change that.

In absence of nonlocal quantum correlations, Bell’s local hidden-variable model puts constraints on
the measurement statistics. These constraints are at the root of Bell inequalities, but, in principle, they
also put limitations on the use of our quantum states. In this project, we will focus on
continuous-variable systems, which means that we deal with a bosonic system (e.g. light) upon which
we perform homodyne measurements. Within the context of such systems, the student will have the
choice to explore one of the following applications: quantum state engineering or quantum metrology.

In the context of quantum state engineering, ~ <

we will consider heralding schemes. In such \‘ — d‘;’
a setup, we consider a bipartite quantum :
state in which on part of the system is Heralding

measured to project the other part of the system into a desired, often more exotic, quantum state. It
was already shown that, in the heralding scenario, certain types of quantum correlations are necessary
or sufficient to produce quantum properties such as negativity of the Wigner function [2,3]. However,
it is not clear whether there are properties that can only be generated through nonlocality. The student
will try to answer this question by classifying the types of states that can be generated under the
assumption that the initial bipartite state can be described by a local hidden-variable model.
Alternative, the student might also choose to explore the context of quantum metrology, and more
specifically multiparameter estimation. Here, we assume that a multipartite quantum system has
several unknown parameters. The precision with which local parameters can be jointly estimate can be
enhanced by quantum correlations. This idea was used in the past to derive witnesses for entanglement
[4] and quantum steering [5]. However, this approach has never been extended to nonlocality. Yet, we
know that local hidden-variable models constrain the measurement statistics, and thus also its
capabilities to estimate parameters. By characterising these constraints, we ultimately seek to identify
a metrological Bell inequality.
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