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State of the art and motivations

Quantum mechanics is “the science dealing with the behaviour of matter and light on the
atomic and subatomic scale. It attempts to describe and account for the properties of molecules
and atoms and their constituents” [1]. This statement associates the quantum framework to the
world that pertains to the infinitesimally small, and as such is fully justified, given the success
of the quantum formalism in describing phenomena occurring at the microscopic scale. Many
experiments have so far confirmed the accuracy of quantum mechanics in describing the prop-
erties of microscopic systems. Moreover, the perception that quantum mechanics holds just for
microscopic systems is strengthened by our experience: In everyday life we do not observe any of
the counterintuitive phenomena that are predicted to take place in the quantum world. A popu-
lar interpretation for this is based on the effects that the complexity of a system (its mass, size,
and/or number of degrees of freedom), and the action of the surrounding environment have on
the emergence of quantum manifestations [2]. Environmental effects are particularly important:
a quantum system gets correlated to its surrounding world, which continuously monitors it. The
environment thus depletes any quantumness in the state of the system, driving it to a classical
description. Such a process is believed to become increasingly relevant with the size and/or mass
of the system at hand.

Yet, as recently beautifully put by Nobel prize awarded S. Weinberg, one should not be
“sure...about the future of quantum mechanics”, meaning that it is not clear nor experimentally

S or not??

Fig. 1: By addressing the dynamics of an optically levitated nanoparticle, we will investigate possible
deviations from the predictions of quantum mechanics induced by exotic collapse mechanisms.
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tested yet whether the quantum superposition principle, the cornerstone of the theory, holds
also for macroscopic systems. This is a crucial question, at the core of this project: is the lack
of observation of quantum effects at the macroscopic level a manifestation of a breakdown of
quantum linearity, or simply the consequence of the fact that no one so far was able to create a
macroscopic quantum superposition?

We are thus presented with a compelling case for the exploration of quantum effects at the
large scale.

Objectives & Methodology

The scope of this project is to ascertain the ultimate limits (if any!) of the quantum framework
at the large-scale limit. We will work on a specific setting of enormous potential for the investi-
gations at the core of this research programme, namely the dynamics of a levitated nano-particle
embedded into an optical cavity and driven by light. Despite the simplicity of this setting, which
is now within the grasp of some of the best quantum laboratories in the world, we will face a
significant degree of complexity of the ensuing dynamics, and richness of the possible decoherence
effects addressing the motion of the nanoparticle.

We will make use of the unique approach to the revelation of possible deviations from the
paradigm of standard quantum theory put forward by the Quantum Technology group in Belfast
(QTeQ), which is based on a combination of advanced theoretical techniques in quantum infor-
mation processing and quantum optics, to investigate possible deviations from the predictions of
quantum mechanics induced by exotic collapse mechanisms.

The massive nature of the particle being considered also paves the way to the assessment of
the possible quantum character of gravity, a problem that will be developed, within this project,
with the aims of inferring gravity-induced spoiling effects on the dynamics of the levitated system.

Collaborations

The project will be supervised by Prof. Paternostro, Dr. De Chiara and Dr. Ferraro at QTeQ.
It will be developed within the EU Consortium TEQ, which comprises experimentalists working
on levitated nanoparticles (UCL, Southampton), specialists of cavity trapping (Aarhus), and
world-class theorists interested in collapse models and the interplay between quantum mechanics
and gravity (Trieste, Vienna). Please, check http://web.am.qub.ac.uk/wp/qo/ for further
information on the QTeQ group.

The bursary comprises an EU-funded stipend and generous resources for training and trav-
elling, including visits to scientific collaborators in Trieste, Vienna, Southampton, and London.

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: m.paternostro@qub.ac.uk.
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