
INTRODUCTION TO RESEARCH ACTIVITIES 
1 

Title of training 
Quantum field theory of multi-component superfluids and superconductors 
Place, period and duration 
Department of Physics and Astronomy, via Marzolo, 8; July and/or August and/or September; five weeks 
Supervisor 
Luca Salasnich (luca.salasnich@unipd.it) 
Description of the research activity 
The student will use the formalism of quantum field theory at finite temperature to  study various properties of 
multi-component superfluids and/or superconductors. Multi-component and multi-band superfluidity and 
superconductivity are very hot topics of condensed matter physics. The theoretical results obtained by the student 
will be compared with recent experiments with ultracold atomic gases and high-Tc superconductors. The research 
activity will be done in collaboration with the supervisor and his research team. 
2 
Title of training 
Study of B hadron properties with muon final states with the CMS experiment 
Place, period and duration 
Department of Physics and Astronomy, between 100 and 120 hours, to be fulfilled any time between half June 
and  end of September 
Supervisor 
Franco Simonetto ( franco.simonetto@pd.infn.it) 
Description of the research activity 
The student will analyze the data collected by the CMS experiment and triggered by the presence of at least one 
muon in the final state, to study the production and decay features of B-hadrons at the LHC. She/he will work using 
the root framework, implementing some basic C++ functions, applying the techniques of statistical analisys learned 
during the previous courses to some real Physics case, and improving her/his programming skills.  Regular meeting 
with CMS group members in Padova might be attended. 
3 
Title of training 
Study of elastic mu-e scattering for the muOne experiment 
Place, period and duration 
Department of Physics and Astronomy, between 100 and 120 hours, to be fulfilled any time between half June 
and  end of September 
Supervisor 
Franco Simonetto (franco.simonetto@pd.infn.it) 
Description of the research activity 
The muOne collaboration aims at measuring with high precision the running of the electromagnetic coupling alpha 
as a function of the momentum transfer "t" in a yet unexplored kinematic domain, to help solving the "g-2 muon 
puzzle". The student will take part to the study of test beam data and to the optimization of the detector design with 
a detailed simulation based on the GEANT package: basic knowledge of C++ and the ROOT analysis package is 
required. At the end of the stage the student will become acquainted with the experimental techniques necessary 
for design and optimization of detector performances, statistical data analysis, and programming tools. 
4 
Title of training 
Wealth inequalities in the modern society: comparison of the usual Gini index and the more recent one like the k-
index with a new kind of estimations. 
Place, period and duration 
Department of Physics and Astronomy, during summer. Possible start in the second half of July, until the end of 
September; full teamwork with the professor during one week in July, one week in August and 2 weeks in 
September. 
Supervisor 
Luca Stanco (stanco@pd.infn.it) 
Description of the research activity 
Social inequality manifested across different strata of human existence can be quantified in several ways. The 
measure of inequality is usually performed via the Lorenz curve and the Gini index. The student will become 
accustomed with the corresponding statistical analyses, often correlated with physical models. Moreover, a new way 
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to estimate inequalities will be studied and compared to the standard ones, using the available data sets of an 
European country. The following paper is a good reference to illustrate the expected kind of  work:  A Ghosh et al, 
Physica A 451 (2016) 465, available from   
https://ac.els-cdn.com/S037843711600145X/1-s2.0-S037843711600145X-main.pdf?_tid=6c51ce0b-5d63-419f-
aff8a5f8490f9415&acdnat=1522916888_f5c4aa4ff204754a46db5ac4cb159ce6    
5 
Title of training 
Local structure and dynamics of crystalline and amorphous materials studied by XAFS spectroscopy 
Place, period and duration 
Department of Physics and Astronomy, period to be agreed with the supervisor (4-5 weeks) 
Supervisor 
Sanson Andrea (andrea.sanson@unipd.it) 
Description of the research activity 
X-ray Absorption Fine Structure (XAFS) spectroscopy, thanks to its sensitivity to short-range order and to its atomic 
selectivity, is one of the most important techniques to study the “local” structure and dynamics of crystalline and 
amorphous solids, including composites and nanostructured materials. The goal of this stage is to acquire knowledge 
and skills on this technique widely used in condensed matter physics. Various aspects related to XAFS spectroscopy 
will be explored, both from the theoretical and experimental point of view, also involving data analysis. During the 
internship, XAFS analysis programs will be used on real examples, working on data collected at international facilities 
of synchrotron light. 
6 
Title of training 
Investigating students’ difficulties in the use of mathematical concepts in Physics 
Place, period and duration 
Department of Physics and Astronomy - Research GRoup in Astronomy and Physics Education (GRAPE);  04/06-06/07 
9.30-13.00, 14.30-17.00 (30 hours/week for 5 weeks = 150 hours) 
Supervisor 
Ornella Pantano (ornella.pantano@unipd.it), Marta Carli (marta.carli.1@unipd.it) 
Description of the research activity 
The students will work in the context of the FisicaMente project, aimed at analysing students’ difficulties in applying 
mathematics to physics. Based on prominent results in Physics Education Research (PER), a distractor-driven 
multiple-choice test aimed at investigating students’ understanding of derivatives, integrals and vectors in mechanics 
has been developed and administered in March 2018 to 1300 introductory physics students at the University of 
Padova. The candidate will contribute to the analysis of the results of the test in order to identify the main 
conceptual difficulties of students and relate them to those discussed in the literature. The outcomes will give 
deeper and meaningful insight in one of the relevant sources of learning difficulties in physics. 
Besides the general learning outcomes (L.O.) of the exam, specific L.O. of this experience are: 
• familiarising with fundamental aspects explored in PER, such as misconceptions, studentcentred 
learning, and conceptual change; 
• familiarising with some of the inquiry methods used in PER, such as distractor-driven testing 
and single-item analysis. 
7 
Title of training Application of multivariate / neural network analysis techniques to the exclusive reconstruction of 
B0s meson decays using LHCb data 
Place, period and duration DFA, during the summer period, precise dates to be agreed with the interested 
candidate, at least 100 hours / 4 weeks 
Supervisor 
Alessandro Bertolin (bertolin@pd.infn.it) 
Description of the research activity 
Measurements of the B0s mesons properties are of foundamental importance to constraint some of the Standard 
Model free parameters. 
 The complete, exclusive, reconstruction of these mesons involves many final state charged tracks, often up to 4, as 
well as, for some specific decays, neutral particles, like photons.  
Hence the number of variables needed for a full description of the final state is so large that traditional, "cut based", 
analysis thechniques, although possible, become very ineffective and difficult. 
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 An alternative, which will be implemented from scratch by the candidate, consists in using a "boost decision tree" 
algorithm to efficiently select signal and suppress background. These algorithms generaly use "high level" physics 
quantities to perform the selection.  
The candidate will also investigate the use of deep neural network algorithms, generally using as input "low level" 
quantities.  
Both of these studies can be carried out using the TMVA framework of the ROOT 6 analysis toolkit developped at 
CERN.  
The candidate will acquire a valuable knowledge of B meson physics and an excellent knowledge of the most recent 
analysis techniques. 
8 
Title of training  
Study of new jet identification algorithms based on Deep Neural Network techniques at the LHCb experiment 
Place, period and duration  
INFN Padova , 4 weeks during summer (June/July/August/September)  
Supervisor 
Lorenzo Sestini( lorenzo.sestini@pd.infn.it), Donatella Lucchesi (donatella.lucchesi@pd.infn.it) 
Description of the research activity 
LHCb is one of the experiments located in the LHC accelerator complex at CERN, Geneve (Switzerland), and it is 
mainly dedicated to the study of the bottom quark (b) and charm quark (c) Physics.  
These two flavored quarks are considered the key to access and observe new Physics phenomena, like new particles 
that decay in one b-quark and one anti-b-quark.  
The free quarks produced at the LHC are bounded in composite particles almost instantaneously, producing particle 
showers called jets, that are detected by the LHCb tracking and calorimeter systems.  
The LHCb-Padova group is on the front line in the development of jet identification algorithms.  
These algorithms exploit the jet sub-structure to identify the flavour of the quark that has generated the shower.  
The trainee will be introduced in the physics of jets and b-jets.  
Then he/she will be involved in the test and validation of new jet identification algorithms based on Deep Neural 
Networks, that represent the latest development in machine learning techniques and artificial intelligence.  
In particular the trainee will apply different types of algorithms to the LHCb simulation in order to measure the 
physical performance, like the b- and c-jets identification efficiency and the probability of b/c-jet mis-identification.  
He/she will test these algorithms on the simulation of Higgs-like signals (i.e. H->b b-bar and H->c c-bar) to evaluate 
the expected significance of their observation.  
The obtained results will be used to establish which algorithm will be used in the analysis of the LHCb data.  
During this period the trainee will gain the basic knowledge for working in a High Energy Physics experiment at the 
LHC, and he/she will develop the computing skills that are necessary to analyze the collected data, mainly using the 
software ROOT. He/she will also learn how modern machine learning techniques work and how to apply them to 
High Energy Physics problems. 
9 
Title of training 
Measurement of the azimuthal anisotropy of D0 mesons produced in lead-lead collisions at the LHC with the ALICE 
experiment. 
Place, period and duration 
Dipartimento di Fisica e Astronomia “G. Galilei”, September 2018, 4 weeks 
Supervisor 
Andrea Dainese (andrea.dainese@pd.infn.it), Andrea Rossi (andrea.rossi@pd.infn.it) 
Description of the research activity 
The students will be introduced to the activities of the ALICE experiment, which aims at studying the Quark-Gluon 
Plasma state formed in collisions of lead nuclei at the CERN Large Hadron Collider. 
The data analysis strategies will be explained with exercises based on simulation, both with simplified models and 
with AliRoot, the ALICE software framework based on ROOT. 
The main activity of the students will be analysis of data collected at the LHC in 2015, with the goal of observing the 
signal of D0 meson decays to a charged pion and a charged kaon. This is the main channel for the measurement of 
the production of particles containing charm quarks. The next step is the measurement of the azimuthal asymmetry 
with respect to the plane of the lead-lead reaction. This asymmetry is sensitive to the interactions of charm quarks in 
the Quark-Gluon Plasma. 

mailto:lorenzo.sestini@pd.infn.it
mailto:donatella.lucchesi@pd.infn.it
mailto:andrea.dainese@pd.infn.it


The students will acquire the following competences: basic introduction to the physics of the Quark-Gluon Plasma 
and of heavy-ion collisions; notions on the reconstruction of tracks and vertices in collider experiments; 
experimental resolution on the measurement of particle momentum and its relation with the invariant mass 
resolution; data analysis with C++ and ROOT based software; estimation of statistical and systematic uncertainties in 
a practical case. 
10 
Title of training 
Dependency of the energy resolution and pulse shape discrimination properties of a Ge detectors on the choice of 
the HV system. 
Place, period and duration 
Physics and Astronomy Department, September 2018 
Supervisor 
Riccardo Brugnera (brugnera@pd.infn.it), Katharina von Sturm (vonsturm@pd.infn.it) 
Description of the research activity 
Energy resolution and pulse shape discrimination (PSD) properties of a Ge detector can be influenced by  
the choice of the HV system.  
The activity will consist in the comparison of the energy resolution and pulse shape discrimination of a  
BEGe detector obtained using two different HV supply systems.  
The data used for the comparison will come from two Th calibration runs.  
The student will study how to reconstruct the energy of a Ge detector, how to obtain the calibration curve,  
and he will use PSD tool to discriminate between different event categories.  
11 
Title of training 
Resonances of confined drops subjected to vertical vibrations 
Place, period and duration 
LaFSI (Surfaces and Interfaces Physics Lab), room 74-75 ground floor, Department of Physics and Astronomy, Via 
Marzolo, 8 – Padova; 4 weeks during the summer (June-September) 
Supervisor 
Paolo Sartori (paolo.sartori.3@unipd.it),  Giampaolo Mistura (giampaolo.mistura@unipd.it) 
Description of the research activity 
Capillary phenomena are of great impact in many aspects of everyday life when liquids are in contact with solids, 
such as the spreading of paint or ink, the deposition of pesticides on plants or the realization of water repellent 
surfaces. In all these situations, it is of paramount importance to take into account capillary forces that are usually 
neglected at the macroscopic scale, where, for instance, gravity is dominant. These phenomena find applications in 

the field of open microfluidics, which deals with the manipulation of small liquid volumes ( L) on open surfaces. Its 
final target is the full control of drops or liquid films on the substrate, including merging, splitting and motion, 
providing important technological tools for a wide range of applications in chemistry, biology and pharmaceuticals. A 
general method to actively control drop motion relies on the application of vibrations to the substrate where the 
liquid lies. In this case it is important to understand the dynamical response on the free liquid/air interface to forced 
oscillations. 
During the internship, the student will study the resonances of the free interface of water drops of different volumes 
confined on the top surface of a rectangular post subjected to vertical sinusoidal oscillations in the range between 
0.1 to 1 kHz, provided by an electromagnetic shaker. The first part of the activity will be devoted to the 
microfabrication of the rectangular post by soft-lithographic techniques, including replica molding with silicone and 
surface functionalization. The second part will consist in the determination of the oscillation modes of the air/water 
interface by performing frequency scans controlled by a custom made feed-back system. The interface displacement 
will be observed and analyzed by means of a fast camera and imaging software. 
The student, assisted by a post-doc, will learn the basics of the physics of wetting and capillary phenomena, some 
standard microfabrication techniques, in particular soft-lithography, and the typical image acquisition and processing 
procedures employed in open microfluidics.  
For further info, see http://lafsi.dfa.unipd.it/index.php/en/  
12 
Title of training 
Experimental study of the motion of fluid droplets transported in microfluidic micro-channels 
Place, period and duration 
Laboratory LAFSI (Room: 74-75 ground floor) , Department of Physics and Astronomy , Via Marzolo, 8 – Padova; 
4 consecutive weeks between June and September 
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Supervisor 
Davide Ferraro (davide.ferraro@unipd.it), Giampaolo Mistura (giampaolo.mistura@unipd.it) 
Description of the research activity 
Microfluidics is the science that studies the manipulation of small amounts of liquids (nL - pL range) by using 
channels having dimensions between tens and hundreds of microns. In this condition, the flows are perfectly laminar 
and therefore an excellent control of the liquids can be achieved. Because of this, microfluidics allows the generation 
of controlled emulsions, which consist in monodispersed droplets dispersed in an immiscible carrier fluid, even at 
very high frequency (up to a few kHz).  
Nowadays, droplet microfluidics is extensively investigated for several chemical and biological applications, such as 
the single-cell encapsulation for cancer diagnosis. However, the dynamics of the motion of droplets in such confined 
systems is not completely understood, because it can be influenced by both geometrical features (e.g.: droplet 
volumes, channel dimensions) and physical quantities (e.g. interfacial tension, viscosity). The internship will be 
focused on this topic.  
More precisely, the speed of droplets flowing in microchannels will be measured as a function of different 
parameters. For this study, an experimental setup already available in the laboratory will be used. It includes a 
syringe pump, a microscope and some custom-made optical detectors for the droplet recognition, controlled by an 
Arduino board and LabVIEW software.  
Therefore, the student will learn working with this equipment, acquiring competences in microfluidics, emulsions 
and several physical quantities concerning soft-matter and interfacial phenomena.  
Finally, during the entire internship, a post-doc of the group hosting the experimental activity will help and support 
the student.  
For further info, see http://lafsi.dfa.unipd.it/index.php/en/ 
13 
Title of training 
Flow and plastic rearrangements in microfluidic channels 
Place, period and duration 
LaFSI Laboratory (Rooms 74-75, ground floor) , Department of Physics and Astronomy, Via Marzolo, 8 – Padova; 4 
weeks overall, in the period June - September, 2018 
Supervisor 
Daniele Filippi (daniele.filippi.1@phd.unipd.it), Matteo Pierno (matteo.pierno@unipd.it) 
Description of the research activity 
Understanding and controlling the flow of Soft-Glassy Materials (SGM) at the microscale is pivotal for many 
applications ranging from pharmaceutical to food technologies. SGM include dense emulsions, foams and gels. They 
have a peculiar non-Newtonian rheology: they behave like a solid unless a large stress is applied, flowing like a liquid 
above this stress.  
It has been shown that this solid-like to liquid-like transition can be triggered by the presence of suitable surface 
roughness, patterned at the microscale on the wall of microfluidic channels. Indeed, this roughness activates local 
plastic rearrangements causing the reduction of the local viscosity and consequently the fluidization of the flow. The 
way these rearrangements are influenced by microtexturing and the number of “droplets” involved (correlation 
length) is still an open question and is currently subject of theoretical and experimental investigation of the soft 
matter community (see e.g. the cover of the Soft Matter, 2018, 14, 1281 DOI:10.1039/C8SM90031K). 
Aim of the stage is the characterization of the flow of concentrated emulsions in microfluidic channels upon 
changing the geometry of the micropatterning. In the first part of the internship the student will work in a cleanroom 
environment to fabricate the microfluidic channels with different wall roughness topology using photolithographic 
techniques. Then, the student will collect image stacks of the emulsion flow inside the channel using a microscope 

interfaced with a camera. Finally, using micro Particle Tracking Velocimetry (PTV) algorithm he/she will reconstruct 
the flow profile inside the channels looking for connections between macroscopic flow (wall slip velocity) and the 
microscopic plastic rearrangements (droplets cooperativity). 
For further info, see http://lafsi.dfa.unipd.it/index.php/en/ 
14 
Title of training 
Development and characterization of new-generation silicon detectors for studying exotic nuclei. 
Place, period and duration 
Legnaro National Laboratories, June-September 2018 
Supervisor 
Daniele Mengoni (mengoni@pd.infn.it), Alain Goasduff (Goasduff@pd.infn.it) 
Description of the research activity 
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Within an international research group, the student will learn the main detection techniques of electromagnetic 
radiation, X and gamma rays, charged particles and neutrons, as well as new technologies in Experimental Nuclear 
Physics. Particular emphasis will be given to digital pulse-shape analysis techniques for particle discrimination (neural 
networks, charge-current and energy-time of flight correlation matrices). 
The student will be taking part in the different stages of development and testing of a detector, from the simulation 
to the experimental tests with calibration sources, and finally in the analysis of the collected data. The internship 
involves the learning and use of high-level programming languages and the knowledge of modern programming and 
simulation suites (Root, Geant). 
15 
Title of training 
Monte Carlo simulation and measure of lifetimes in nuclear decay 
Place, period and duration 
Department of Physics and Legnaro National Laboratories, June-September 2018 
Supervisor 
Daniele Mengoni (mengoni@pd.infn.it), Alain Goasduff (Goasduff@pd.infn.it) 
Description of the research activity 
The student will be guided to estimate lifetimes of nuclear origin, only possible for the presence of the Doppler 
effect, produced by the emission at very high speed of gamma-ray radiation, which thus changes its wavelength. 
From the Monte Carlo simulation of the experiment to the analytical resolution of integro-differential equations for 
multiple decays, the student will approach critically the data analysis and finally the estimate of lifetimes. 
The internship involves the learning and use of high-level programming languages and the knowledge of modern 
programming and simulation suites (Root, Geant). The internship takes place within an international research group 
working in the field of Experimental Nuclear Physics. 
16 
Title of training 
Lifetimes measurements in nuclei close to 78Ni 
Place, period and duration 
LNL laboratories (Legnaro), from 23th July to end September, 120 hours in total 
Supervisor 
Andrea Gottardo (andrea.gottardo@lnl.infn.it) 
Description of the research activity 
Nowadays the quantitative understanding of the bulk properties of nuclear shell structure remains a challenge for 
theoretical models. Experimental information near shell shell closures is thus crucial to constrain models and confirm 
or reject modern theory developments. The N=50 shell closure, in the proximity of the double magic 78Ni nucleus, is 
a region of nuclide charts where the observed shell evolution challenges our present understanding of nuclear 
forces. Experimental characterisation of the observed excited states is needed to extract observables to be 
compared to theories.  
The student will work on data analysis from an experiment performed at the GANIL laboratory (France) with fusion-
fission reactions with a 238U beam to measure lifetimes of excited states in Se, As, Ge, Ga isotopes around N=50. He 
will learn how to perform spectroscopy and measure the lifetimes with the plunger technique. The student will 
acquire competences on data analysis for gamma spectroscopy in the Root code framework. He will become 
acquainted with the resolution of Bateman equations to extract lifetime values and error estimates. 
17 
Title of training 
Measurement of lifetimes relevant to the astrophysics R-process nucleosynthesis 
Place, period and duration 
LNL laboratories (Legnaro), period to be agreed with the supervisor , 100 hours in total 
Supervisor 
Francesco Recchia (recchia@pd.infn.it), Serena Riccetto (serena.riccetto@pg.infn.it) 
Description of the research activity 
The student will take part to the analysis of an experiment performed at the RIKEN Laboratory, Japan, 
for the study of the shapes of some neutron-rich nuclei. The student will measure the lifetime  
of the ground state of a set of nuclei relevant for the nuclear astrophysics r-process nucleosynthesis. 
18 
Title of training 
Weak interaction physics with precision measurements of nuclear beta decay 
Place, period and duration 



LNL laboratories (Legnaro), period to be agreed with the supervisor , 100 hours in total 
Supervisor 
Francesco Recchia (recchia@pd.infn.it) 
Description of the research activity 
Searches for physics beyond the Standard Model (SM) are carried out at the high energy frontier, attained at the 
most powerful particle accelerators. Searches at the high precision frontier, looking for deviations from SM 
predictions in low-energy, low-background experiments, can often achieve high sensitivities to tiny effects that arise 
from interactions and particles at a much larger energy scale. 
For the most precise search of non-V-A currents, the only relevant parameter providing stringent constraints on 
exotic interactions is the Fierz interference term. Such term can be constrained by different methods at low energy, 
for example measuring the dependence on the Z (atomic number) of the super-allowed Fermi beta decay transition 
probability. The highest precision measurements of such transitions presently provide the best constrain to scalar 
currents. 
With this project we intend to measure the limit in precision of gamma decay branching obtainable using the Galileo 
setup. 
This measurement will be used as a guidance for the development of future setups devoted to precision tests of the 
weak interaction that will take place at the SPES facility of the Legnaro National Laboratory. 
19 
Title of training 
Study of macroscopic instabilities in high current plasmas 
Place, period and duration 
Consorzio RFX, Corso Stati Uniti 4, Padova, Italy; four-six weeks, starting at the end of summer, 2018 
Supervisor 
Marco Veranda (veranda@igi.cnr.it) 
Description of the research activity 
The work deals with the study of macroscopic instabilities in current carrying hot plasmas. Such instabilities, called 
resistive-kink tearing modes, are particularly present and relevant in configuration for the magnetic confinement of 
fusion plasmas at high current density - like the so-called tokamak and reversed-field pinch configurations. 
In the first part of his work the student will explore the basic elements of theory and modelling of hot plasmas, 
together with examples from the experimental phenomenology: this will help him understanding the physics of hot 
magnetically confined plasmas. 
As a second step, the student will deal with simplified models of the instabilities. 
Then he will face the analysis of results obtained from numerical simulations performed using a three-dimensional 
nonlinear magnetofluid model: this will allow observing the growth of the instability, the phenomenon of self-
organization of the plasma, magnetic reconnection, the formation of typical topological structures in the shape of 
magnetic field lines. He will develop software to analyze the properties of such structures and to visualize them, 
using FORTRAN programs or IDL software or other kind of tools. 


