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State of the art and motivations

Nobel Laureate Prof. Sir A. J. Leggett FRS got his physics degree from University of Oxford
only after reading the degree of LiteræHumaniores. In the second part of this course of studies,
students have to choose papers from various disciplines, including Philosophy. Likely, such pen-
chant for the suds of the general and fundamental nature of reality and existence has influenced
Leggett’s taste for the critical re-assessment of physical reality. The most striking evidence in this
sense is provided by his celebrated 1985 work, co-authored with Anupam Garg, proposing a test
able to discriminate between classical and quantum dynamics [1]. Starting from the classically
valid assumptions that, in principle, measurements can be made on a system without affecting its
subsequent evolution (known as the non-invasive measurability assumption) and, at any instant
of time, the system itself will be in a well-defined state among those it has available (embody-
ing the assumption of macroscopic realism), the relation set in Ref. [1], and currently dubbed
Leggett-Garg (LG) inequality, provides a benchmark for any dynamics conforming to our classical
intuition. The violation of such inequality, which are built by combining time-correlators of a
suitably chosen observable of the system, rule out the framework defined by the two assumptions
above and that is commonly intended as macrorealism.

Testing macro realism is as fascinating as difficult, due to the need of implementing non-
invasive measurements over the system under scrutiny, a step that appears to be in the starkest
contrast with quantum mechanics. Recently, though, the possibility to use additional degrees of
freedom of the system to perform weakly disruptive measurements has emerged as a valid and
acceptable embodiment of a non-invasive measurement [2]. This has opened the route towards
the experimental assessment of the LG inequality, and thus the investigation on the quantum-
to-classical split.

Objectives & Methodology

The goal of the project is to design an experimental step for the falsification of the LG inequality
based on the physics of optically driven massive mechanical mirrors. Such an attempt is justified
by the very same motivations that pushed Leggett towards the formulation of his celebrated
inequality: ascertaining whether the structure of quantum mechanics continues to describe the
physical world as we push it up from the atomic level towards that of everyday life. In order to
pursue this goal, we will consider an optomechanical setup, where a laser-driven optical cavity is
endowed with a mechanically-movable highly-reflecting mirror. The dynamics undergone by the
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Fig. 1: Scheme of principle of a general LG test. A general quantum system evolves through
a general dynamical map Ûti+1,ti between the instants of time ti and ti+1, when a suitable
observable is measured. The correlations among the measurement outcomes are used to build
the LG inequality. In this project, the dynamical system will be embodied by an optomechanical
system driven by an external laser field.

mirror, which is macroscopic and massive in nature, is driven by the radiation-pressure force,
i.e. the pressure exerted by photons hitting a highly-reflecting surface and due to light-to-mirror
momentum transfer [3]. Quantum effects are expected to manifest in the motion of the mirror
for low enough masses (yet billions of time larger than that of a single atom) and strong enough
driving laser. Moreover, by interacting with the mechanical mirror, the cavity field would bring
about information on the state of the latter, thus embodying the extra degree of freedom whose
measurement could provide sufficient information in a very weakly disruptive way. Therefore,
this setup combines features that are both desiderata of the original LG idea, and which will be
exploited in this project to inspire a new generation of experiments probing the foundations of
quantum mechanics.

Collaborations

The project will be supervised by Prof. Paternostro and Dr. Ferraro at the Quantum Technology
group (QTeQ). Both the perspective supervisors have a substantive track record of contributions
on the foundations of quantum mechanics and the theory of optomechanical systems. The student
will be an important part of QTeQ and will fully participate to its scientific activities. Please,
check http://web.am.qub.ac.uk/wp/qo/ for further information on the group.

Required skills

The candidate student will have excellent basic mathematical and physical background. A good
knowledge of Quantum Theory, mathematical methods of quantum information and familiarity
with Statistical Mechanics are required. A natural inquisitive and curious mind associated with
originality and creativity in the approach to problems will be appreciated. Advanced computing
skills are not required, although the student will become familiar with instruments such as
Matlab, Mathematica and Fortran.

Further information

For further information contact Prof. Paternostro and/or Dr. Ferraro: m.paternostro@qub.ac.uk
or a.ferraro@qub.ac.uk.
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