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State of the art and motivations

We know that classical systems can compute, and we exploit this everyday in our modern
electrical devices where classical bits of information are routinely processed. A similar compu-
tation can happen at the quantum level as well: electrons, photons, and quantum systems in
general can store and process quantum bits (qubits) of information. The extraordinary fact is
that quantum systems can compute in an unparalleled way, much better than their classical
counterpart, with a consequent revolutionary impact for our technologies [1, 2].

Fig. 1: The Wigner function is a way
to describe how “quantum” a light pulse
is. Progressing from most classical to most
quantum, the Wigner function is a Gaussian
function for (A) and (B), but it takes nega-
tive values for the strongly quantum states
(C) and (D). These negative features are due
to non-linearities and guarantees universal-
ity of quantum information processing. [4]

To make this promise a reality, it is necessary to
identify controllable physical systems able to support
the processing of quantum information. Most of the
concepts of quantum information were originally de-
veloped for finite dimensional systems (qubits). How-
ever it was soon realised that a valid and promising
alternative is offered also by infinite dimensional sys-
tems — continuous variables in jargon — the most
familiar examples being position and momentum of
a quantised harmonic oscillator [3]. This Ph.D. pro-
gramme will deal with the latter approach, exploring
novel possibility offered by continuous-variable sys-
tems for quantum information processing.

Objectives & Methodology

The purpose of the Ph.D. programme is to char-
acterise universal resources for quantum information
processing over continuous variables and individuate
physical platforms for their implementation, combin-
ing the potential of emerging quantum technologies with novel theoretical approaches.

In particular, universal quantum information processing over continuous variables is achiev-
able once single- and two-mode linear operations are at disposal, provided that a single non-linear
operation is also available. Whereas linear operations have been both demonstrated experimen-
tally and fully characterised theoretically, much less has been achieved for what concerns the
essential non-linear operations (see Fig.1). The focus of the first part of the Ph.D. programme
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will be the characterisation of non-linearities using the innovative theoretical approach of quan-
tum resource theories [5]. The latter is a powerful mathematical framework, inspired by classical
physics, that has been recently applied to a variety of contexts in quantum mechanics (e.g., entan-
glement characterisation). In the second part of the programme, the physical settings in which
non-linearities are starting to become technologically achievable (such as quantum optics and
quantum opto-mechanics) will be investigated with the aim of proposing actual implementations
of the findings of the first part of the project.

Collaborations

The project will involve interactions with long-term collaborators of the supervisor, including
M.G.A. Paris and his group (UniMI, Milan). Those are recognised experts in the field of quan-
tum information science, and continuous-variable quantum information processing in particular.
Collaborations with them will be of clear benefit for the student.

Required skills

The interested student will have a passionate and inquisitive approach toward mathematics
and physics. A good knowledge of Quantum Theory and Mathematical Methods of Physics is
required. Advanced computing skills are not required, although the student will become familiar
with tools such as Mathematica and Matlab.

Further information

The student will be a member of the Quantum Technology group at Queens University Belfast
and will participate to its activities (group meetings, seminars, meetings with guest scientists)
and it is expected the occurrence of a wide participation with all the group members.

For further information, please contact Dr. A. Ferraro a.ferraro@qub.ac.uk
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