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Corso di dottoratoin Fisica / PhD in Physics 

Ciclo 34 / Cycle 34 

A.Y. 2018-2019 

Borse a tematica vincolata / Reserved scholarships 

 

A Non-equilibrium plasmas for the conversion of CO2 

B Space data science and technology 

C Non-equilibrium dynamics and transition pathways of self-propelled nano-particles 

D Deep Learning for high energy physics 

E Improving the sensitivity of the Virgo detector for gravitational waves 

F Neuromorphic computation with silicon photonics 

G Optogenetics via integrated silicon photonics 

H Method development for protein modelling and simulation 

I Protein structure and function-oriented dynamics 

J 

Particle, astroparticle, nuclear, theoretical physics, related technologies and 
applications, including medical Physics 

K 

Particle, astroparticle, nuclear, theoretical physics, related technologies and 
applications, including medical Physics 

L Development of silicon photomultipliers for space applications 

M Statistical Physics of complex multilayer networks 

N Quantum gases and superfluidity 

O 

Development of innovative micro- and nano detection systems for dosimetry 
applications 

 

 

Scholarship A 

Topic: Non-equilibrium plasmas for the conversion of CO2 

University of Trento & Department of Physics 

Contacts.: Paolo Tosi (UniTN)  paolo.tosi@unitn.it 

Synthetic description of the activity and expected research outcome 

Non-equilibrium plasmas for the conversion of CO2 

The conversion of CO2 into fuels through technologies based on the use of renewable electricity 
would allow at the same time recycling CO2 and storing renewable energy into chemical energy, 
providing a way to establish links between different energy carriers and allowing to decarbonise 
sectors that are still heavily reliant on fossil fuel. The project aims to develop a technology for 
the conversion of CO2 based on ultra-short gas discharges. Time-resolved laser diagnostics will 
be used for monitoring the microscopic kinetics.  

  

Scholarship B 

Topic: Space data science and technology 
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University of Trento & Department of Physics 

Contacts: Stefano Vitale (UniTN)  stefano.vitale@unitn.it; Roberto Iuppa (UniTN)  

roberto.iuppa@unitn.it, Roberto Battiston (UniTN) roberto.battiston@unitn.it, Paolo Zuccon 

(UniTN) paolo.zuccon@unitn.it, Rita Dolesi (UniTN) rita.dolesi@unitn.it, William J. Weber 

(UniTN)   williamjoseph.weber@unitn.it 

 

Synthetic description of the activity and expected research outcome 

 

The student will dedicate her/his research work to the study of critical aspects of scientific space 

missions in the field of gravitational wave astronomy  and astroparticle physics at large. 

Missions in the framework of which the research work may be carried out include LISA 

Pathfinder, LISA, AMS, Limadou, and the development of future missions in Astroparticle 

Physics. The specific subject of the thesis can be negotiated and may be on: the development 

of data analysis methods and algorithms; the analysis of data and the performance of scientific 

observations with  those  missions that are or have been in operation; the development of 

instrumentation including laboratory studies in support of such developments. 

 

 

Scholarship C 

Topic: Non-equilibrium dynamics and transition pathways of self-propelled nano-
particles 

Universities of Trento & Innsbruck 

Contacts:  Pietro Faccioli (UniTN) pietro.faccioli@unitn.it; Prof.Thomas Franosch 

(Department for Theoretical Physics, Innsbruck University) thomas.franosch@uibk.ac.at 

Synthetic description of the activity and expected research outcome 

The aim of thesis is to investigate the long-time dynamics of complex systems of biological 

interest, by combining theoretical techniques based on non-equilibrium statistical mechanics, 

theory stochastic processes, enhanced sampling and multi-scale or renormalization group 

based approaches. In particular, the work shall focus on characterizing statistically relevant 

pathways undertaken by self-propelling organisms during their translocation between different 

regions, possibly in the presence of crowding or confining conditions. 

 

The PhD student will be spend the first 18 months of his Research programme at University of 

Innsbruck  

 

 

Scholarship D 

Topic: Deep Learning for high energy physics 

University of Trento & Fondazione Bruno Kessler (Trento)  

Contacts: Roberto Iuppa (UniTN) roberto.iuppa@unitn.it, Cesare Furlanello (FBK) 

furlan@fbk.eu 

mailto:pietro.faccioli@unitn.it
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Synthetic description of the activity and expected research outcome 

 

This project will focus on deep learning and other big data analytics methods to quantify and 

model observations made within experiments of particle and astroparticle physics. Starting from 

sophisticated methods and mathematically optimized strategies to extract information from 

massive datasets, the project will develop novel analytics tools for rapid classification of LHC 

data or for extracting features from sky-maps.  

 

 

Scholarship E 

Topic: Improving the sensitivity of the Virgo detector for gravitational waves 

Department of Physics (UniTN)  

Contacts: Giovanni Andrea Prodi (UniTN)  giovanniandrea.prodi@unitn.it; Antonio Perreca 

(UniTN) antonio.perreca@unitn.it 

Synthetic description of the activity and expected research outcome 

The LIGO and Virgo detectors have recently opened a new field of astronomy by detecting 
gravitational-waves from coalescing black holes and from a neutron star merger. The plan for 
the next decade is to perform surveys with stepwise improvements of the sensitivity of the 
detectors to be achieved during observation breaks. The PhD fellow will address R&D on 
related experimental technologies, simulate Virgo operation and perform on-site commissioning 
activities. For further information contact Prof. Antonio Perreca (email). 
 

Ideal candidate (skills and competencies): 

- Knowledge of general Physics, Mathematics, Optics and electronics  at a level of a master 
degree in Physics 
- Good computer skills: Python and software for optical simulations are preferred  
- Fluent English (written and spoken) 

Scholarship F 

Topic: Neuromorphic computation with silicon photonics, calcolo neuromorfico con la 
fotonica in silicio (H2020-ERC BACKUP) 

Department of Physics (UniTN) with H2020-ERC grant 

Contacts: Lorenzo Pavesi (UniTN) lorenzo.pavesi@unitn.it 

Synthetic description of the activity and expected research outcome 

Neuromorphic computing takes inspiration from the brain. Schemes to implement neuromorphic 
computing in photonic integrated circuits have been proposed. In particular, Reservoir 
Computing Neural (RCN) networks enables the analysis of time-dependent signals and the 
prediction of the output of complex dynamic systems thanks to their rich internal dynamics. RCN 
will be developed by using a large array of excitable silicon microring resonators, which are 
arranged in complex topologies. The actual topology of the RCN will be optimized by addressing 
the following questions: what is the best organization for such network? Is a single domain the 
most effective/generalized scheme to do computation? Is the presence of subdomains 
advantageous in terms of computational power/speed? Does the spatial organization of the 
network change during a computation task?. 

 

mailto:giovanniandrea.prodi@unitn.it
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Scholarship G 

Topic: Optogenetics via integrated silicon photonics, Optogenetica attraverso la fotonica 
in silicio (H2020-ERC BACKUP) 

Department of Physics (UniTN) with H2020-ERC grant 

Contacts: Lorenzo Pavesi (UniTN) lorenzo.pavesi@unitn.it 

Synthetic description of the activity and expected research outcome 

Here the aim is to interface photonic integrated circuits (PIC) with neurons, in order to 
activate/depress specific neuronal functions via the results of a photonic computation.  The 
transduction of the optical signal to the biological neurons is realized by using optogenetics. 
Here we will strengthen the neuronal links (synapses) by light in order to understand the 
mechanism underlying the network response to external stimuli. We will receive by our 
biological collaborators primary cultures from dissociated cortical or hippocampal neurons 
plated on PIC and infected with channel rhodopsin-transducing virus. In the thesis, the PhD 
student will address the growth of neuronal network on the integrated photonic circuits, the 
optimization of the integrated photonic circuit design in order to excite the photosensitive 
proteins to affect the infected neurons and the measurement setup used to read and write the 
neuron network activity. Since opsins are mostly photosensitive to visible light, the silicon-on-
insulator platform will be developed in SiON. 

 

Scholarship H 

Topic: Method development for protein modeling and simulation (H2020-ERC StG 
VARIAMOLS) 

Department of Physics (UniTN) with H2020-ERC grant 

Raffaello Potestio (ERC grant holder) raffaello.potestio@unitn.it 

Synthetic description of the activity and expected research outcome 

The candidate will develop computational methods to study in silico large proteins and proteins 
assemblies. The project aims at the design, implementation and usage of algorithms to model 
and efficiently simulate a biomolecule, and substantially involves scientific programming, 
modification and usage of existing software (in particular simulation suites e.g. LAMMPS), and 
AI applications (deep neural networks). 

Ideal candidate (skills and competencies): 

Mandatory: solid background in statistical mechanics, proficiency in scientific programming (C, 
C++, Python) and competence in the usage of Unix-based systems. Fluent English. 
Optional: experience in neural networks/deep neural networks (theory as well as software 
implementation); experience in molecular dynamics simulations and related software 
(GROMACS; NAMD, LAMMPS, etc.); basic knowledge of biophysics (molecular biophysics in 
particular). Basic knowledge of coarse-graining techniques. 

 

Scholarship I 

Topic: Protein structure and function-oriented dynamics (H2020-ERC StG VARIAMOLS) 

Department of Physics (UniTN) with H2020-ERC grant 

Contacts:  Raffaello Potestio (ERC grant holder) raffaello.potestio@unitn.it 
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Synthetic description of the activity and expected research outcome 
The candidate will carry out a study focusing on the relationship between a protein’s structure 
and its function-oriented dynamics. The project will require an extensive usage of bioinformatic 
tools and  atomistic molecular dynamics simulations. 

Ideal candidate (skills and competencies): 
Mandatory: good knowledge of molecular dynamics simulations and related software 
(GROMACS; NAMD, LAMMPS, etc.); knowledge of biophysics (molecular biophysics in 
particular(; basic background in statistical mechanics. Fluent English. 
Optional: proficiency in scientific programming (C, C++, PHYTON) and competence in the 
usage of Unix-based systems; experience with bioinformatics tools (protein structure 
databases, sequence/structure alignment software, etc.) 

 

Scholarships J-K 

Topic: Particle, astroparticle, nuclear, theoretical physics, related technologies and 
applications, including medical Physics (2 positions) 

INFN 

Contacts: For further information on the possible research topics see www.tifpa.infn.it, prof. Rita 
Dolesi for experimental Physics (Rita.Dolesi@unitn.it ); Prof. Francesco Pederiva for theoretical 
Physics (Francesco.Pederiva@unitn.it). 
Roberto iuppa 

Synthetic description of the activity and expected research outcome 

The thesis topics will be selected within the many areas of forefront research pursued at Trento 
Institute for Fundamental Physics and Applications (TIFPA) of INFN. Current main activities 
include: 
1) experimental particle and astroparticle Physics,  
2) experimental gravitation both earth and space based ,  
3) gravitational wave astronomy,  
4) antimatter related experiments,  
5) R&D on particle and radiation detectors and other solid state quantum micro devices, 
6) computational Physics and AstroPhysics, 
7) theory of fundamental interactions,  
8) theoretical cosmology , 
9) medical physics applied to therapy with high energy charged particles 
 

 

Scholarship L 

Topic: Development of silicon photomultipliers for space applications 

INFN  Roberto Iuppa  (Unitn) roberto.iuppa@unitn.it 

Synthetic description of the activity and expected research outcome 

The activity will be focused on increasing the technology readiness level of Silicon 

Photomultipliers for space applications. Optimizations in temperature control, power 

consumption and readout speed will be pursued in a systematic way, aiming at constructing 

and characterizing a scintillator-SiPm system ready to fly. 

Ideal candidate (skills and competencies): 

www.tifpa.infn.it
mailto:Rita.Dolesi@unitn.it
mailto:Francesco.Pederiva@unitn.it
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 Knowledge of  the following topics, at a level of a master degree in Physics: interaction of 

matter and radiation, particle detectors, data acquisition systems 

- Good laboratory skills 

- Fluent English (written and spoken) 

 

Scholarship M 

Topic: Statistical Physics of complex multilayer networks 

Fondazione Bruno Kessler (Trento) 

Contacts: Manlio De Domenico (FBK) mdedomenico@fbk.eu 

Synthetic description of the activity and expected research outcome 

Complex systems consists of units which interact nonlinearly and in different ways 
simultaneously, favoring the emergence of collective phenomena. The manifestation of 
complexity in physical systems arises across a variety of cases, from neural synchronization in 
human brain to collective dynamics in social networks. As a consequence, structure, function 
and dynamics of a complex system cannot always be understood by studying its units 
separately. Complex multilayer network approaches have proven to be a favorable 
approximation, pointing to commonality shared across a variety of systems. 
The candidate will develop a framework for modeling time-varying multilayer systems (such as 
the human brain) and interdependent multilayer networks, a scenario typical in systems biology. 
A special attention will be given to understanding and modeling percolation properties of such 
systems and their resilience to random or targeted structural/dynamical perturbations. 

 

Scholarship N 

Topic: Quantum gases and superfluidity 

CNR-INO BEC (National Research Council) 

Contacts: Gabriele Ferrari (CNR-INO BEC) gabriele.ferrari@unitn.it; Franco Dalfovo (Unitn) 

franco.dalfovo@unitn.it 

Synthetic description of the activity and expected research outcome 

Ultracold atomic gases offer a flexible platform to address open problems in fundamental 

physics such as many-body properties in quantum gases, transport phenomena, and quantum 

simulation of fundamental interactions. The PhD student will work in the interdisciplinary 

environment of the BEC Center (http://bec.science.unitn.it), where research both on theory and 

experiments is done covering a wide range of themes.  

Ideal candidate (skills and competencies): Ideal candidate: the ideal candidate should 
posses good knowledge of statistical physics, atomic physics, quantum mechanics with 
applications either to experimental or theoretical research.  

 

Scholarship O 

Topic: Development of innovative micro- and nano detection systems for dosimetry 
applications 

UNITN-TIFPA/INFN-FBK 

mailto:gabriele.ferrari@unitn.it
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Contacts: Chiara La Tessa (Unitn) chiara.latessa@unitn.it 

Synthetic description of the activity and expected research outcome 

The PhD project will focus on the development of innovative techniques for the detection of 

particles using nano and micro sensors. The detectors design will be optimized for dosimetry 

applications in ion radiotherapy and space radioprotection. Existing techniques will be reviewed 

to identify the most promising and close to the expertise already available at FBK and 

TIFPA/INFN. The evaluation will include methodologies for production of micro silicon with 

either planar and MEMS technologies as well as of nanometric structures. 

Ideal candidate (skills and competencies):  
the ideal candidate should posses good knowledge nuclear and detector physics as well as 
some knowledge in biophysics and medical physics. An experimental background is 
recommended.The candidate will work both on the sensors development and in their 
characterization using different ion beams. The work is a collaboration between FBK, Trento 
physics department and TIFPA/INFN. Additional  collaboration will be established will groups 
that work on micro and nanodosimetry with experimental approaches similar to those selected 
within the project. 
 

 

 


