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Context of the
research
activity

Topological materials are special classes of superconductors, insulators or
semimetals, identified by their band structure and their protected surface
states. The recently-discovered topological Weyl and Dirac semimetals, in
particular, are object of huge interest in the scientific community because of
the high carrier mobility and the characteristic responses to electric and
magnetic fields, which follow from their band structure. The latter is believed
to generate the colossal photovoltaic effect observed in this class of materials
[1,2,3], as well as a number of photoinduced effects [4,5,6], with technological
applications ranging from energy and frequency conversion to sensing and
production of clean energy.
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Objectives

The research will focus on transport phenomena in innovative topological
materials, with attention to light-induced phenomena in Weyl and Dirac
Semimetals. Using the analytical tools of Quantum Mechanics and Quantum
Field Theory, complemented by numerical calculations, the student will
investigate effective low-energy Hamiltonian describing generation and
manipulation of currents in this class of materials.
The fellowship is in collaboration with the Institute of Theoretical Physics of
the Heinrich-Heine University of Düsseldorf, Germany
(https://www.physik.hhu.de/en/institutes-and-research-groups/translate-to-
english-quantenphysik) and the Research Centre in Mathematics of City,
University of London, UK (https://researchcentres.city.ac.uk/research-centre-
in-mathematics/mathematical-physics). Within the Department of Applied
Science and Technology (DISAT for friends), the student will attend graduate
courses and perform research in contact with a broad variety of
specializations - including analytical, numerical and experimental techniques
- and backgrounds - including Condensed Matter Theory, Statistical Physics,
Material Science and Chemical Physics. In addition, (s)he will spend an
extended period in the two partner institutions (with increased salary),
perform research in contact with established international scientific networks
and learn the techniques of scientific communication. The formation of an
individual with specialized knowledge of innovative materials will introduce on
the job market a figure of clear interest for the research and development
sections of commercial enterprises in the field of sensor technology, laser
devices and clean energy production. 
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Skills and
competencies
for the
development of
the activity

M.Sc. (Laurea Magistrale) in Physics, previous knowledge of Quantum
Mechanics, Quantum Field Theory, Solid State Physics, Mathematical
Methods in Physics.


