
Università degli Studi di Parma 

 

Dottorato di Ricerca in Fisica - XXXV ciclo – PhD in Physics 

 

 

In the application to participate in the competitive examination, the candidate must elaborate a short project 

on one of the research topics listed below (only the topic indicated as first choice in the application). 

 

1. Inference, network reconstruction and prediction of dynamic and static patterns for Smart Cities 

The large amount of data produced every day by electronic devices in terms of messaging, geo-location and 

connection to telephone cells now allows a real-time study of individual and collective mobility in cities and 

workplaces. In particular, device proximity patterns allow to model social systems as temporal networks and 

to study aggregation processes. These can be converted into analysis of static and dynamic presences in 

defined areas and in analysis of transit and displacements, fundamental in many areas ranging from safety 

to transport, up to tourism. Furthermore, the modelling and reconstruction of temporal networks and the 

study of dynamic processes on them allow us to estimate the dynamics of information propagation. In this 

project we intend to deal with the study of phone data from the major telephony companies, integrated with 

sensor data and microblogging platforms to create multilayer network models. The aim of the project is the 

development of techniques for inference and measurement of presence and mobility in defined areas from 

communication datasets, with potential application for local administrations and local companies. The 

project will be developed in collaboration with the Department of Engineering at the University of Modena-

Reggio Emilia. 

References: - E. Ubaldi, N. Perra, M. Karsai, A. Vezzani, R. Burioni, A. Vespignani, Nature Scientific Reports 6, 

35724 (2016); 

- M. Mamei, F. Pancotto, M. De Nadai, B. Lepri, M. Vescovi, F. Zambonelli, A. Pentland, EPJ Data Science, 7(1) 

25 (2018); 

- M. Mamei, M. Colonna, International Journal of Geographic Information Science, 30(7) 1281, (2016); 

- M. Mancastroppa, A. Vezzani, M.A. Munoz, R. Burioni, JSTAT 053502 (2019). 

 

Contact: Prof. Raffaella Burioni, Email: raffaella.burioni@unipr.it 

 

2. Quantum simulations of magnetic systems by prototype quantum computers (INDUSTRIAL DOCTORATE) 

The simulation of quantum systems by classical computers is intrinsically inefficient, because the required 

number of bits grows exponentially with the system size. This makes many important problems in physics 

and chemistry intractable. To overcome this limitation, the concept of quantum simulators was originally 

proposed by Feynman: the idea is to encode the information in a quantum hardware whose dynamics can 

be externally controlled to mimic the evolution of the target system. The practical development of quantum 

computers has greatly accelerated in the last years and the first prototypes of quantum chips are now 

available.  

mailto:raffaella.burioni@unipr.it


This project focuses on the quantum simulation of the static and dynamical properties of interesting magnetic 

systems, ranging from Molecular Nanomagnets to fermionic models. In addition, the quantum simulation of 

the incoherent relaxation dynamics will also be considered. Part of the project will concentrate on finding 

efficient ways to perform these simulations on the IBM quantum chips, by considering a realistic model of 

the gating errors occurring in the real hardware. Such optimized sequences of gates will be then 

experimentally tested on different IBM quantum chips.  

This thesis work will be carried on in collaboration with Dr. Ivano Tavernelli of the Zurich IBM Research 

Laboratory. 

 

References: -A. Chiesa, F. Tacchino, M. Grossi, P. Santini, I. Tavernelli, D. Gerace, S. Carretta, Nature Physics 

15, 455 (2019);  

-A. Kandala, et al., Nature 549, 242 (2017). 

Contact: Prof. Stefano Carretta, Email: stefano.carretta@unipr.it 

 

 

3. Research in Theoretical Physics in the framework of INFN activities 

The Theoretical Physics Group in Parma is active in several different branches of research on fundamental 

physics. Our activities range from theoretical aspects of Quantum Field Theory and String Theory to 

applications of numerical methods to QCD. Cosmology and Astroparticle physics explore the universe 

structure through the Standard Model and beyond-the-standard-model theories while Numerical Relativity 

applies to the study of gravitational waves. The Group is also covering statistical physics with particular 

attention to Complex Systems dynamics. Three Iniziative Specifiche of INFN are present here (GAST, QCDLAT 

and BYOPHYS) providing support to researches and scientific activities.  

References: more information at https://web.infn.it/www-pr/en/welcome-to-infn-parma-unit/ 

Contact: Prof. Massimo Pietroni, Prof. Luca Griguolo, Email: massimo.pietroni@unipr.it, 

luca.griguolo@unipr.it 

 

4. Carbon-based nanostructured materials for energy storage 

Carbon nanostructures, thanks to their excellent mechanical, electronic and thermal properties, high specific 

surface and a "hierarchical" porosity, are promising materials for energy storage applications. They can be 

used as active materials (electrodes, solid electrolytes) in innovative ionic batteries and in supercapacitors. 

Recent our studies have shown that both fullerene derivatives, such as hydrofullerenes or fullerene mixtures, 

and some graphene-related materials, such as thermally exfoliated graphene or laser induced graphene 

obtained from suitable precursors, are excellent candidates as active materials in innovative Li- and Na-ion 

batteries, or in symmetrical and flexible supercapacitors. We also proved that cost-effective and sustainable 

materials, such as vegetable charcoal (bio-char), obtained as waste in biomass power-plants, can be properly 

activated and nanostructured, in order to operate as electrodes in supercapacitors. The candidate will deal 

with the synthesis and characterization of new derivatives of fullerenes, graphene and bio-char for energy 

storage applications. The new materials will be studied with structural and transport characterization 

techniques, both in-situ and ex-situ, while the devices will be investigated with in-operando techniques, even 

mailto:massimo.pietroni@unipr.it


at large scale facilities (neutron spectroscopy, synchrotron light diffraction and polarized muon spectroscopy 

(μSR)). 

References: - D. Pontiroli, S. Scaravonati, G. Magnani, M. Riccò et al., Micropor. Mesopor. Mat. 285, 161-169 

(2019); 

- R. Ye, D. K. James, J. M. Tour, Acc. Chem. Res. 51, 1609−1620 (2018); 

- J. C. Pramudita, D. Pontiroli, G. Magnani, M. Riccò et al., ChemElectroChem.  2 (4), 600-610 (2015). 

Contact: Prof. Daniele Pontiroli, Email: daniele.pontiroli@unipr.it 

 

5. Photofunctional nanostructures for antimicrobial photodynamic therapy 

In this project we propose to create photofunctional nanostructures for antibacterial photodynamic 

treatment of superficial microbial infections and contaminated materials. The molecular transport systems 

considered are based on proteins, small peptides or antibodies and have targeting capacity, photosensitizing 

properties and fluorescence emission for high- and super-resolution imaging. Thanks to the photo-oxidative 

cytotoxic mechanism, the treatment does not give rise to bacterial resistance. 

This project proposes strategies to overcome the limitations of the current photosensitizing molecules, 

through the development of theranostic transport systems, that is molecular systems equipped with a 

therapeutic functionality (photosensitivity) and a diagnostic (the possibility of visualizing the position of the 

photosensitizer through fluorescence emission). This is achieved by developing nanostructures in which a 

photosensitizer and a fluorescent reporter are integrated. The ability to target bacteria is achieved through 

specific electrostatic interactions between the transport system and the bacterial wall or molecular 

recognition through antibodies. 

The development of the compounds will involve prof. Chunmao He of South China University of Technology, 

Canton. Interactions of the compounds developed with bacteria will also be verified by high-resolution 

fluorescence imaging studies, which will be conducted at the Nikon Imaging Center laboratories at the Italian 

Institute of Technology (IIT) in Genoa. For the studies of bacterial photoinactivation we will take advantage 

of the collaboration with the Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna. 

References: - J. Comas-Barceló, B. Rodríguez-Amigo, S. Abbruzzetti, P.d. Rey-Puech, M. Agut, S. Nonell, C. 

Viappiani, A self-assembled nanostructured material with photosensitising properties, RSC Advances, 3 

(2013) 17874-17879; 

- P. Delcanale, F. Pennacchietti, G. Maestrini, B. Rodríguez-Amigo, P. Bianchini, A. Diaspro, A. Iagatti, B. Patrizi, 
P. Foggi, M. Agut, S. Nonell, S. Abbruzzetti, C. Viappiani, Sci. Rep., 5 (2015) 15564; 

 - D. Pezzuoli, M. Cozzolino, C. Montali, L. Brancaleon, P. Bianchini, M. Zantedeschi, S. Bonardi, C. Viappiani, 
S. Abbruzzetti, Food Control, 94 (2018) 254-262; 

 - M. Wainwright, T. Maisch, S. Nonell, K. Plaetzer, A. Almeida, G.P. Tegos, M.R. Hamblin, The Lancet Infectious 

Diseases, 17 (2017) e49-e55. 

Contact: Prof. Cristiano Viappiani, Email: Cristiano.viappiani@unipr.it 

 

6. Control of evolution and decoherence in open quantum systems 

The pursuit of protocols for quantum sensing and quantum information builds on established techniques for 

initializing, coherently manipulating, and reading out quantum states, as demonstrated in, e.g., solid-state 



qubits. The involved states must be protected from decoherence. States generated by continuous driving 

yield efficient coherence protection, even for weak driving fields, in a robust, experimentally accessible way. 

A bottleneck, however, is the difficulty in performing fast, high-fidelity initialization into individual, well-

defined states and their temporal evolution. Up to now, the theory has focused on two-level systems and 

has mainly used adiabatic state transfer that suffers from a tradeoff between speed and fidelity: The 

initialization as well as the evolution must be slow to maintain fidelity, but fast enough to avoid decoherence 

during the protocol. For experimentally achievable drivings, this tradeoff and the remaining sources of 

decoherence form a key limitation to further advances in quantum information processing. This Ph.D. project 

wants to overcome these limitations with a twofold approach: (1) employing recently developed protocols 

for “shortcuts to adiabaticity” and apply them to the coherent control of few-level systems relevant for state-

of-the-art experiments; (2) Extending the theory to open quantum systems with the goal to use a proper 

combination of driving and dissipation to stabilize the quantum evolution. 

 

References: -F. Petiziol, B. Dive, S. Carretta, R. Mannella, F. Mintert, and S. Wimberger, Phys. Rev. A 99, 

042315 (2019); 

-F. Petiziol, B. Dive, F. Mintert, and S. Wimberger, Phys. Rev. A 98, 043436 (2018); 

-S. Burkhardt, M. Kraft, R. Mannella, and S. Wimberger, NJP 15, 045008 (2013). 

Contact: Prof. Sandro Wimberger, Email: sandromarcel.wimberger@unipr.it 

 

7. Numerical Study of the Gravitational wave emission produced by the merger of Binary Neutron Stars 

The Candidate will perform numerical study of Binary Neutron Star mergers using Realist Equation of State 

and Magnetic Field and will collaborate with the group to include Neutrino Dynamics on the simulations. The 

scope of the research is to provide accurate post-merger waveforms that will be detected by the LIGO/Virgo 

gravitational wave observatory and to model the properties of the ejected matter and its link to the associate 

GRB emission and to the properties of the macronovae event that are expected to be associated to the 

merger events. 

References: - R. De Pietri, A. Feo, J.A. Font, F. Loeffler, F. Maione, M. Pasquali and N. Stergioulas. 

arxiv:1802.03288, Phys. Rev. Lett. 120 (2018); 

- F. Maione, R. De Pietri, A. Feo and F. Loeffler. arXiv:1707.03368, Phys. Rev. D 96, 063011 (2017); 

- A.Feo  R. De Pietri, F. Maione and F. Loeffler. arXiv:1608.02810, Classical and Quantum Gravity, 34, no. 3, 

(2017); 

- R. De Pietri, A. Feo, F. Maione and F. Loeffler. arXiv:1509.08804, Phys. Rev. D 93, 064047. 

 

Contact: Prof. Roberto De Pietri, Email: roberto.depietri@unipr.it 

 

8. Dynamics of molecular nanomagnets investigated by neutron and muon spectroscopies, NMR and out-

of-equilibrium magnetometry 

Molecular Nanomagnets (MNMs) are at the forefront of current research in Condensed Matter Physics and 

constitute an extremely fertile and interdisciplinary field for new physical concepts and applications. MNMs 



are molecules with a magnetic core made of 3d or 4f ions whose magnetic moments are coupled by exchange 

interactions. Some MNMs display slow relaxation of the magnetization at the single-molecule level even at 

several dozens of K, thus opening the possibility of storing information in individual molecules and building 

highly dense magnetic memories. Moreover, being quantum objects, some MNMs are also promising 

systems to encode qubits, the basic units of quantum computers. 

A deep understanding of the dynamics and relaxation properties of MNMs is crucial to design new molecules 

optimized for specific applications. In this project we plan to investigate the coherent and incoherent 

dynamics in new MNMs by exploiting neutron and muon spectroscopy measurements performed in 

international large-scale facilities, and NMR and out-of-equilibrium magnetometry experiments performed 

in Parma. Part of the PhD project could also involve the development of new instrumentation. 

Part of this research activity will be performed within the European Project “Scaling up quantum computation 

with molecular spins”. 

 

References: -R. Hussain, G. Allodi, A. Chiesa, E. Garlatti, D. Mitcov, A. Konstantatos ,K. S. Pedersen, R. De 

Renzi, S. Piligkos, S. Carretta, J. Am. Chem. Soc. 140, 9814 (2018); 

-E. Garlatti, T. Guidi, S. Ansbro, P. Santini, G. Amoretti, J. Ollivier, H. Mutka, G. Timco, I.J. Vitorica-Yrezabal, 

G.F.S. Whitehead, R. Winpenny, S. Carretta, Nature Communications 8, 14543 (2017); 

-M. Baker, T. Guidi, S. Carretta, J. Ollivier, H. Mutka, H. Guedel, G. Timco, E. McInnes, G. Amoretti, R. 

Winpenny, P. Santini, Nature Physics 8, 906 (2012). 

 

Contact: Prof. Stefano Carretta, Email: stefano.carretta@unipr.it 

 


