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State of the art and motivations

Thermodynamics is one of the pillars of physical, chemical and biological sciences. It predicts
and explains the occurrence and efficiency of complex chemical reactions and biological processes.
In physics and engineering, the conduction of heat across a medium, the concept of the arrow
of time, and the efficiency of motors are formulated in thermodynamic terms. In information
theory, the definitions of information and entropy are explicitly related to this framework. More
recently, it has been realised that thermodynamics can be used effectively to provide a new way of
assessing and exploiting quantum dynamics, build super-efficient nano- and micro-engines that
take advantage of quantum coherence, and assess information theory from the perspective of
thermodynamic costs [1].

In a quantum scenario, all such processes occur while the system under scrutiny is brought
strongly out of equilibrium, i.e. its quantum mechanical state is very different from a thermal-
equilibrium configuration. Therefore, the application of the formalism embodied by non equi-
librium quantum thermodynamics (NEQT), which combines techniques and concepts borrowed
from quantum mechanics and stochastic thermodynamics, provides a potentially very useful
toolbox for the analysis of the ultimate quantum-induced bounds on energy dissipation, heat
conduction, and work extraction [2]. Such figures of merit are key for low-dimensional structures
such as one-dimensional wires and zero-dimensional quantum dots. In fact, as the length-scale of
such systems shrink, unusual properties arise due to the tight confinement of electrons on scales
approaching the electron wavelength, where quantum features become prominent. Understand-
ing exactly why such unusual properties arise can help us to engineer new properties that are
desirable for modern technologies.

Objectives & Methodology

This project aims at studying the dynamics of driven nano-structures (such as atomic or molec-
ular wires, quantum dots, molecular junctions), in contact with heat/particle reservoirs (and
thus undergoing what is called open-system dynamics), from a explicit NEQT viewpoint. We
will employ the methods and tools that have been devised in the context of NEQT to study the
performance of such structures from a genuine thermodynamic perspective. In particular, we will
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Fig. 1: Schematic depiction of an atomic wire in contact with two reservoirs. An explicit
quantum approach to the process of heat/particle transport across the wire (or similar engineered
nano-structures) will be used to characterise the non-equilibrium thermodynamics of such system
and thus improve its performance by designing quantum-inspired protocols.

consider the problem of formulating a rigorous framework for the characterisation of the impli-
cations that open-system dynamics has on relevant thermodynamic figures of merit, such as heat
exchanged between the system and its environment, and the entropy produced in the process.
Moreover, we will address the characterisation of the work done on a nanostructure subjected
to non-conservative forces (such as a bent atomic wire across which we let an electronic current
pass) [3, 4]. Ultimately, the research that will be conducted while developing this project will
help us designing theoretically low-dissipation nano-structured media with enhanced transport
properties.

Collaborations

The project will be supervised by Prof. Paternostro at the Quantum Technology group (QTeQ)
and Dr. Todorov at the Atomistic Simulation Centre (ASC). The two perspective supervisors
have recognised expertise in areas that are crucial for the project: Prof. Paternostro has strong
interests in the quantum-limited characterisation of non-equilibrium thermodynamics [5]. Dr.
Todorov has a life-long expertise in the study and modelling of nano-structures, and has been
involved in ground-breaking research on the effects of current-driven dynamics in such system [3,
4].

The student will be an important part of both teams and will fully participate to their
scientific activities. Please, check http://web.am.qub.ac.uk/wp/qo/ and http://titus.phy.

qub.ac.uk/ for further information on the two groups.

Required skills

The candidate student will have excellent basic mathematical and physical background. A good
knowledge of Quantum Theory, Electromagnetic Theory, and familiarity with Statistical Mechan-
ics 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. Todorov: m.paternostro@qub.ac.uk
or t.todorov@qub.ac.uk.
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