
INTRODUCTION TO RESEARCH ACTIVITIES 
1 
Title of training Study and optimization of the LHCb second level trigger for  hadronic beauty particles decays 
Place due to the current Covid19 restrictions in Italy the activity  will take place under the remove supervision of the 
tutor (Skype or  Zoom tools)  
Period tentatively August - September 2020, exact time slot to be  agreed with the interested student  
Duration 4 weeks / 100 hours 
Supervisor A. Bertolin  ( bertolin@pd.infn.it) 
Description of the research activity The LHCb experiment is in activity at the LHC collider. In these  months the 

start of the new Run 3 data period is been prepared.  Run 3 foresees an improved detector and an innovative trigger  

system, mostly software. This system is build up by two stages.  The second stage, being considered in this proposal,  

must perform the exclusive reconstruction of a large number of  hadronic beauty particles decays. At present more 

than 100 trigger  lines have been prepared. These must be characterized using simulated signal and background 

events. The developped algorithms are using  machine learning tools to enhance the signal, beauty particles decays,  

and suppress backgrounds, all other decays.  The interested student will contrubute to the characterization of the  

available trigger lines, evaluating signal efficiency and background  supression. Coding will be carried out mostly in 

C++ using the ROOT  tool-kit for histogramming purposes. 

2 

Title of training Parallel Tensor Network methods to simulate quantum many-body systems 
Place Dipartimento di Fisica e Astronomia “Galileo Galilei”, via Marzolo 8, Padova 
Period Summer 2020 
Duration 100 hours 
Supervisor Prof. Simone Montangero  (simone.montangero@unipd.it) 
Description of the research activity In the last decades, Tensor Networks (TNs) methods have proven to 

successfully tackle quantum many-body problems and became the state-of-the-art numerical tool for one dimensional 

(1D) systems. This is especially true for problems where Monte Carlo methods are inefficient as the sign problem 

hinders their effectiveness. Nevertheless, the properties of quantum systems highly depend on the spatial dimensions 

the system lives in. For example, it is well known that in two dimensions there is a great variety of possible states of 

matter and phase transitions with a phenomenology which results much richer than one-dimensional case. However, 

most 2D problems are still out of reach for current TNs simulations, especially when operating on standard clusters.  

In the Quantum Theory research group we are currently working on the development of novel TNs algorithms and 
their optimization to overcome this important limitation in order to provide a powerful tool to boost the research in all 
several fields of physics, such as quantum technologies, quantum field theories, and condensed matter.  
To date, our TN code is parallelised via Open Multiprocessing (OpenMP) and in principle scalable for High 
Performance Computing (HPC) but is not yet on the limits of what is possible to obtain with the largest available 
supercomputers. With the opportunity to work on a cluster with multiple nodes and GPUs as the new Marconi100 at 
CINECA, we aim to push the limits of tensor networks implementations and thereby set a new benchmark for 
simulating not only 2D but general multi-dimensional quantum many-body systems. 
In particular, the goal of this project is to explore the parallelisation of the algorithms using MPI (Message Passing 

Interface) and OpenMP  and the integration of hybrid CPU-GPU algorithms to run tensor networks algorithms 

efficiently on HPC systems. Requirements: Programming Skills (preferably Fortran). Knowledge of MPI or 

OpenCL/CUDA would be a plus. Acquired Skills: Tensor Networks methods for quantum many-body systems, 

foundations and principles of HPC parallelization, knowledge of multi-node computing systems. 

3 

Title of training Making part of Galilei's scientific literature accessible to modern readers 
Place The work can be done at home and will take  
Period approximately Favorite month would be July, but August is OK and September is negotiable 
Duration 4 full weeks, with about 1 hour/week of teleconferencing with the supervisor 
Supervisor Alessandro De Angelis (alessandro.deangelis@unipd.it) 
Description of the research activity Galilei's works on mathematics, physics, astronomy and cosmology are 

scattered in three/four main books, plus lecture notes and experimental notes partly taken by him and partly by his 

students, plus letters. Part of Galilei's scientific literature is available only in Italian (in particular a large part of the 

letters exchanged), and it is complex, with double negations, etc. A further clarification is needed about Galilei's 

"mathematical" language: Galilei, like Newton, manipulated algebraic formulas in a limited way, and used instead 

geometry for his proofs. Notational mathematics, such as F = ma, and analytical geometry, were developed at the 

times of Galilei by the French mathematical school (Descartes, Mersenne), and he did not use them. Thus he is 

difficult to read and understand for modern readers, accustomed to algebra. I am reordering Galilei's essential works 

and translating them in a modern language and in algebraic formulas to make Galilei current and understandable by 

modern readers. In particular, I would like to translate in English + algebra material on: 
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1) Density and not shape determines the floating or sinking of bodies (Discourse on Bodies in Water, 1612) 

2) The inclined plane. First ideas in Pisa (1585-1591); letters, notes from logbooks, Padua, circa 1600; notes from 

logbooks and from the lecture notes taken by students 

3) The pendulum. First ideas in Pisa (1585-1591); letters, notes from logbooks, Padua, circa 1600; notes from 

logbooks and from the lecture notes taken by students 

4) A "stella nova" is visible in the sky (notes of a lecture at Padova's University, and letters,1604) 

5) The phases of Venus (letters in 1610/1611) 

6) Observation of Saturn (letters in 1610/1611) 

7) Observations of the sunspots (letters) 

The student will become accustomed with Galilei's language and geometrical methodology. 

 

4 

Title of training Study of the activity of radionuclides produced within the SPES-ISOLPHARM target 
Place the proposed activity can be performed at home, according with the current regulations for the CONVID-19 

Period the execution period is June-August 2020 

Duration total working time of about 5-6 weeks 

Supervisor Lisa Zangrando (lisa.zangrando@pd.infn.it) 
Description of the research activity the ISOLPHARM project aims at producing innovative radioisotopes through the 

use of the ISOL technique which ensure their purity, making the process specially suitable for the production of 

radionuclides of medical interest. Radionuclides are produces when a beam of protons of 8 kW power impinges onto a 

target of Uranium Carbide at a temperature of about 2000°C in high vacuum. The atoms produced by the nuclear 

reactions will then have to be extracted from the target, ionized, re-accelerated and finally deposited on appropriate 

substrates called secondary targets to be then extracted by chemical techniques. The goal of this internship is to 

study, through Monte-Carlo simulations, the time evolution of the radionuclides produced in the primary target and, 

subsequently, the composition of the secondary target over time as a function of the incident protons beam energy 

and intensity. The results of the simulations will be made available to public trough the dedicated user-friendly 

graphical interface of the ISOLPHARM project. 

The student will get familiar with some common Monte-Carlo codes (FLUKA and GEANT4) and will learn some basics 

on web design, web application programming and data publishing. 

5 

Title of training First principle study of graphene oxide from first principles 
Place Department of Physics and Astronomy, via Marzolo 8, Padova / activities to be performed remotely 
Period during the summer 2020 
Duration 4 weeks  
Supervisor Alberto Ambrosetti  (alberto.ambrosetti@unipd.it) 
Description of the research activity Graphene oxide (GO) is a composite material, containing chemically adsorbed 
O defects on a graphene lattice. GO can be obtained by exfoliation of graphite oxide, a cheap and abundant material, 
and can be exploited for industrial production of pristine graphene monolayers. Relevant applications also include 
production of ultrathin transparent conducting films, production of high-end materials by mixing with suitable polymers, 
and possible development of battery and capacitor electrodes (see for instance  V. Chabot et al., Energy & Env. Sci. 
7, 1564, 2014 ). 
Understanding in detail how different chemisorbed O defects can influence the mechanical and electronic properties of 
pristine graphene has a paramount importance, for the detailed control of GO-based devices. 
Here we propose to investigate energetics, geometry, and electronic band-structure of known and possibly new O 
defects in graphene by first principles. 
The student will become familiar with the Quantum Espresso simulation package (https://www.quantum-
espresso.org), based on Density Functional Theory (DFT). 
Simulation of chemical adsorption (see for instance P. Johari, V. Shenoy, ACS Nano, 5, 7640, 2011) of single and 
multiple O atoms on graphene will be carried out in order to unravel defect-concentration effects, thereby effectively 
modeling actual GO layers. The student will ultimately be able to analyze how different defect types (and their 
coexistence) can be used in order to tune the overall physical/chemical properties of GO. 
 

6 

Title of training Simulation and design of a multifunctional metasurface 
Place Numerical simulation research activities to be performed remotely. 

Period July-September 2020 
Duration 100 hours 
Supervisor Gianluca Ruffato (gianluca.ruffato@unipd.it) 
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Description of the research activity The student will be introduced to the emerging field of dielectric metaoptics and 

involved in the design of a metasurface for microscopy or structured light applications. Metasurfaces represent the 

ultimate level of optical elements evolution, manipulating light at the nanoscale by means of an almost-flat engineered 

pattern of sub-wavelength units. In particular, dielectric metasurfaces in silicon promise to revolutionize optics as we 

know by bridging the gap between lens making and semiconductor manufacturing. The conversion of an optical 

element into its metasurface counterpart requires the development of algorithms to map the desired phase 

manipulation into the corresponding sub-wavelength pattern of 2D silicon meta-atoms. In this framework, the student 

will simulate the optical response of the meta-atoms, i.e. the metasurface unit cells, as a function of their design 

parameters, and will take an active part in the development of a code for the arrangement of the unit cells in a 

complex pattern to implement a multifunctional metasurface. Acquired skills: programming and analysis in MatLab, 

finite-element-method (FEM) analysis, introduction to advanced optics concepts and state-of-the-art applications of 

structured light and metaoptics. 

7 

Title of training Search for charmless B decay in Belle II experiment 
Place Work from remote 
Period between July and September to be agreed with candidate 
Duration approx 4 weeks 
Supervisor Stefano Lacaprara (stefano.lacaprara@pd.infn.it) 
Description of the research activity The proposed activity is on the field of particle physics, intensity forntier, 

specifically on B-physics at BelleII experiment running at KEK, Japan. Padova is leading the search of rare charmless 

decay of B->eta' K, with the goal to measure the phi2 (beta) angle of the B unitary triangle in loop mediated decays 

involving hadronic penguins. 

 The work will use data collected by the experiment in 2019 and 2020, and corresponding Montecarlo simulation, to 

compare distribution and modelling of relevant kinematic observable for the specified decay, with the goal to optimize 

signal selection and physical parameters extraction. 

 The activity will be based on modern data analysis tools, mostly python-based, including use of pandas, numpy, 

scipy, tensorflow and other data analysis libraries. 

 Some familiarity with the basic concept of data analysis (histogram, basic fit, visualization, etc) is welcome. 

 

8 

Title of training Study on the particle identification efficiency of the TOP detector at Belle2 

Place by remote connection 
Period 1

st
 July 2020 – 15

th
 September 2020 

Duration 100 hours 
Supervisor :Stroili Roberto (roberto.stroili@unipd.it) 
Description of the research activity The proposed activity is in the field of High Energy experimental Physics, in 
particular on the Belle2 Experiment currently taking data at the SuperKEK accelerator in Tsukuba (Japan). The 
Padova group is responsible for the TOP calibration system; the TOP detector is devote to the particle identification in 
the barrel region of the experiment, in particular it is devote to the efficient identification of pions and kaons. The 
student will study the identification efficiency using particle decays in which particles can be identified by their 
kinematics. The student will work on Monte Carlo and real data provided in root format on which he will have to 
perform the analysis. The student will also learn  how the experiment simulation works and will learn how to run the 
simulation itself to produce the data samples for its studies. The student will also learn the processing chain bringing 
from the data acquisition to the data analysis in a modern experiment. The student will also acquire skills in computing 
learning how to use the data analysis framework ROOT, the C++ and python programming languages. 
 

9 

Title of training Investigating the formation channels of binary compact objects 
Place this work is theoretical-computational; it is not requested to be in Padova. The student can work at home and 
discuss her/his results through periodic zoom meetings. 
Period from June to September 2020 
Duration 100 hours 
Supervisor Michela Mapelli (michela.mapelli@unipd.it) 
Description of the research activity The student will learn the main astrophysical formation channels of binary 

compact objects (isolated binary evolution and dynamical formation). The student will make use of our population 

synthesis codes (MOBSE and SEVN, e.g. https://ui.adsabs.harvard.edu/abs/2018MNRAS.480.2011G/abstract, 

https://ui.adsabs.harvard.edu/abs/2019MNRAS.485..889S/abstract) and of a dynamical code (e.g. 

https://ui.adsabs.harvard.edu/abs/2019MNRAS.487.2947D/abstract) to characterize the formation of binary black 

holes and binary neutron stars in different astrophysical environments (high/low metallicity, galactic field/star clusters). 

Particular attention will be given to the cosmic evolution of the merger rate density of binary compact objects (e.g. 

mailto:roberto.stroili@unipd.it
mailto:michela.mapelli@unipd.it
https://ui.adsabs.harvard.edu/abs/2018MNRAS.480.2011G/abstract
https://ui.adsabs.harvard.edu/abs/2019MNRAS.485..889S/abstract
https://ui.adsabs.harvard.edu/abs/2019MNRAS.487.2947D/abstract


https://ui.adsabs.harvard.edu/abs/2020arXiv200409533S/abstract). The student will analyze the results of the 

numerical simulations in the frame of current theoretical models. Finally, the student will learn how to compare the 

theoretical results with LIGO-Virgo observations thanks to a Bayesian analysis framework 

(https://ui.adsabs.harvard.edu/abs/2019ApJ...886...25B/abstract). More details on our projects can be found at 

www.demoblack.com or by contacting the proposed supervisor via email. 

 

10 

Title of training Control of the droplets motion using a laser beam 
Place LaFSI (Surfaces and Interfaces Physics Lab), room 74-75 ground floor, Department of Physics and Astronomy 

Via Marzolo, 8 – Padova 

Period from August to September  

Duration 4 weeks  

Supervisor Davide Ferraro (davide.ferraro@unipd.it), Giampaolo Mistura (giampaolo.mistura@unipd.it), Cinzia Sada 

(cinzia.sada @unipd.it) 

Description of the research activity Wetting phenomena are of great impact in many aspects of everyday life or in 

many practical processes in which 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 application 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 

on the substrate, including formation, volume, shape merging and splitting and motion, thus offering important 

technological tools for a wide range of chemical and biological applications. A method to achieve such control, named 

electrowetting, consists in applying a voltage between the water droplet and the underlying surface, in order to induce 

a polarization of the liquid and the consequent motion. Thus, the typical electrowetting device presents some 

electrodes that can be activated as required; unfortunately, this approach requires expensive facilities for the device 

production and, once obtained, the electrodes’ position is fixed.  

Our goal is to develop an optowetting device that mimics the capability of the previous approach, but has the ability to 

generate virtual electrodes with a beam light. This is possible using the Lithium Niobate (LiNBO3) crystal as substrate, 

which is known to present specific photovoltaic properties.   

During the internship, the student will investigate these phenomena, using a customized setup that is composed by 

two parts: an optical system for drawing the virtual electrodes with the laser light and a microfluidic system that allows 

droplet generation. Therefore, the student will acquire competences in optics and microfabrication techniques. Finally, 

during the whole activity, she/he will be supported by a Post-doc of the host group. 

 

11 

Title of training Study of the droplet shape and motion in a microfluidic channel 
Place LaFSI (Surfaces and Interfaces Physics Lab), room 74-75 ground floor, Department of Physics and Astronomy 

Via Marzolo, 8 - Padova 

Period from July to September  

Duration 4 weeks 
Supervisor Davide Ferraro (davide.ferraro@unipd.it), Giampaolo Mistura (giampaolo.mistura@unipd.it) 

Description of the research activity Microfluidics deals with the manipulation of small amounts of liquid (nL - pL) in 

channels having a size between tens to hundreds of microns. These systems are characterized by low Reynolds 

numbers and thus by laminar flow. This regime allows a very accurate control of the flow and the capability of 

generating droplets extremely monodispersed at high frequency (up to kHz). Nowadays, droplet microfluidics is a 

branch of microfluidics which experienced a large diffusion in various chemical and biological research fields, including 

nano-fabrication, single cell encapsulation and analysis. However, despite the current and ample use of droplet 

microfluidics, there are still many open basic questions related to the droplets shape and motion.  

During the stage, the student will investigate these phenomena, focusing on the shape that the droplets assume 

during the motion, varying interfacial tension and viscosity. The work will be divided in two parts: during the first part, 

the student will acquire data in the laboratory using a customized experimental setup (1-2 weeks expected); then, in 

the second part, the student will develop a customized software for analyzing the acquired images and discussing the 

results. The second part of the activity does not require the presence in the lab. Importantly, if a new lockdown of the 

department will occur during the internship period, the activity will be updated to be completely performed from home.  

During the internship, the student will acquire experimental competences in an emerging field such as droplet 

microfluidics. Finally, his/her activity will be supported by a Post-doc of the host group.  
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12 

Title of training Rheological measurements of non-newtonian liquids based on drop oscillation  

Place LaFSI (Surfaces and Interfaces Physics Lab), room 74-75 ground floor, Department of Physics and Astronomy 

Via Marzolo, 8 - Padova 

Period from June to September 
Duration 4 weeks  

Supervisor Davide Ferraro (davide.ferraro@unipd.it). Giampaolo Mistura (giampaolo.mistura@unipd.it) 

Description of the research activity Non-newtonian fluids exhibits a viscosity which varies with the shear stress. 
Everyday life examples of non-newtonian fluids include ketchup, toothpaste, paints, shampoos, blood, etc. Therefore, 
their rheological properties have a very important impact in many applications such as chemical industries, biological 
analysis, microfluidics, ink jet printing, fuel injection, etc. The rheological characterization is typically performed using 
commercial rheometers, which measure the fluid response to applied forces. These instruments present some 
restrictions in terms of minimal volume required for the analysis and, additionally, they are expensive.  
A viable alternative is to use a single droplet (≈ L) deposited on a horizontal surface and subjected to an external 
mechanical stimulus. By analyzing the decay of the induced capillary modes ii is possible to determine the liquid 
viscosity. This method allows to dramatically reduce the liquid volume and the costs required for the viscosity 
determination.  
During the internship, the student will contribute to the development of the experimental setup needed for the 
rheological characterization, acquire some preliminary data and develop a program for the data analysis.  The activity 
will be divided in two parts: at first, the student will optimize the experimental protocol for acquiring the measurements 
in the lab (1-2 weeks expected); then, he/she will develop a customized software for analyzing the acquired data and 
discussing the results. The second part of the activity does not require the presence in the lab. Importantly, if a new 
lockdown of the department will occur during the internship period, the activity will be updated to be completely 
performed from home. 
The student, assisted by a post-doc, will learn the basics of wetting and rheology, as well as how to assemble a 

customized experimental setup and data analysis program. 

13 

Title of training Migration and trapping of polarons in a disordered medium 
Place Physics and Astronnomy Department. Part of the activity can be performed remotely. 
Period June - September 2020 
Duration duration 100 hour 
Supervisor Marco Bazzan (marco.bazzan@unipd.it) 
Description of the research activity Polar oxide materials display a wide combination of functional properties. In 

particular electrical transport is of paramount importance in many applications such as photovoltaics, photocatalysis 

and photorefractivity. In those materials, due to the strong electron-lattice interaction, charge is transported by 

localized quasiparticles (small polarons) moving by thermally activated hopping. To analyze a wealth of experimental 

data it is necessary to develop numerical and analytical tools based on statistical methods. In this stage the candidate 

will work on analyzing time-resolved spectroscopic data by a Monte Carlo software developed in our group and 

interpreting them by means of a novel theoretical framework. The activity is theoretical but strongly focused on 

experimental data. The candidate will improve its knowledge on this kind of materials, on Monte Carlo methods and on 

diffusion/trapping problems in statistical physics. 

 

14 

Title of training Properties of low pT muons produced at the LHC 
Place Working positions are allowed in our common room ("CMS center") but the student can, at her/his will, work 
from home and interact with our team by means of zoom or skype. 
Period anytime between half July and September (to be agreed with the student). 
Duration four to six weeks 
Supervisor Franco Simonetto (franco.simonetto@pd.infn.it), Martino Margoni (martino.margoni@unipd.it) 
Description of the research activity Low pt muons are a powerful handle for flavor Phyiscs at the LHC. We propose 
a study of few dynamic properties (transverse momentum, rapidity, correlation with jets) comparing data collected by 
the CMS experiment with simulated events". This work focuses on data analysis. Data are stored in our central 
computers but they can be reduced in size so as to be analyzed on private laptops with the ROOT analysis 
package.   Basic knowledge of the C++ computing language and of the  ROOT analysis package from CERN is 
required.  
The student will acquire knowledge of hadron-collider Physics, and will improve her/his computing and data-analysis 

skills. 

 

15 

Title of training Performance of an electromagnetic calorimeter for MuOnE 
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Place The data size is not large, so the student can collect in her/his own laptop the data and the analysis package 
and work from home, with online connection with our team; a desk can else be allotted in the DFA if the director 
permits. 
Period anytime between half July and September (to be agreed with the student). 
Duration four to six weeks 
Supervisor Franco Simonetto (franco.simonetto@pd.infn.it) 
Description of the research activity The MuOnE experiments aims at a very precise measurement of the cross 
section for the elastic muon-electron scattering. It consists of a tracker and of an electromagnetic calorimeter. We 
propose a study of the reconstruction of the electromgnetic shower produced by the electron combining information 
from the tracker and  the electromagnetic calorimeter on data simulated with the GEANT package." This study will use 
data generated with GEANT and stored as ROOT ntuples. Basic knowledge of the C++ computing language and of 
the  ROOT analysis package from CERN is required.  
The student will acquire knowledge of particle reconstruction, calorimetry, computing and data-analysis. 

 

16 

Title of training Study of a "beauty" hadron sample selected by the presence of muons in the final state 
Place DFA or remote (according to situation) 
Period mid august - mid october 
Duration 4 weeks 
Supervisor Paolo Ronchese  (paolo.ronchese@pd.infn.it) 
Description of the research activity The CMS experiment at the LHC observes proton-proton collisions at a center 

of mass energy E=13TeV. During 2018 a large sample of data, among others, has been collected, corresponding to 

collisions where a muon is present in the final state; that muon is a hint of the decay of a hadron containing a "beauty" 

quark. Such quarks are tipically produced in pairs, so that it's possible to look for a second "b" hadron and study its 

properties with the aim of highlighting tiny phenomena, as symmetry violations, rare decays and so on. Data are 

analyzed in the form of nTuples in a ROOT environment. 

 

17 

Title of training Optimization of an electromagnetic calorimeter for the LHCb upgrade 
Place INFN Padova 
Period during summer (June/July/September) 
Duration 4 weeks  
Supervisor Lorenzo Sestini (lorenzo.sestini@pd.infn.it), Donatella Lucchesi (donatella.lucchesi@pd.infn.it) 

Description of the research activity LHCb is a forward spectrometer dedicated to the study of b and c quarks 

produced in proton-proton collisions. 

LHCb has also demonstrated its capability in measuring electroweak and jets processes. 

Among the several sub-detectors that form LHCb, the electromagnetic calorimeter (ECAL) is used to measure the 

energy of photons and electrons, and to distinguish them from hadronic particles. 

In the High-Luminosity phase of the LHC, LHCb will face a high pile-up environment that will make the calorimeter 

reconstruction challenging. A high granularity and radiation-hardness calorimeter with the possibility of measuring the 

hits time will be necessary. 

In this project the simulation of a calorimeter prototype will be studied. The electroweak process Z->e+e- will be used 

as benchmark to measure the calorimeter performance. 

As first step the student will measure the electron energy resolution and the Z invariant mass resolution. In particular 

he/she will optimize the algorithm used to correct the energy losses due to bremsstrahlung photons. Advanced 

techniques that exploit the hits time information will be employed for this reconstruction. 

As second step the calorimeter parameters will be optimized to obtain the best performance. This will be done by 

varying the cell size, the cell energy resolution, and the time resolution in the simulation. 

During the project the student will learn the basic knowledges that are necessary to work in a High Energy Physics 

experiment. In particular he/she will learn how a detector is designed and optimized. Moreover he/she will gain 

competences in analysing simulation data using the software ROOT. 

 

18 

Title of training Use of machine learning algorithm to optimize the double Higgs signal identification from background 

on simulated events at a Muon Collider. 

Place INFN Padova 
Period during summer (June/July/September) 
Duration 4 weeks  
Supervisor Lorenzo Sestini (lorenzo.sestini@pd.infn.it), Donatella Lucchesi (donatella.lucchesi@pd.infn.it) 

Description of the research activity The Muon Collider is a possible option for the next generation of high energy 

collider machines. It would permit to achieve very high energy in the center of mass using leptons without occurring in 
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significative synchrotron radiation losses as in electrons rings. 

Due to the muon decay, the detector has to sustain a high level of background. Beams with intensity spanning from 

10
^9

 up to 10
^11

 muons per bunch are necessary to obtain the desired luminosity, therefore the muons decay rate is 

very high. 

Beam decay products and subsequent particles from secondary interactions with the machine elements can reach the 

interaction point, limiting the physical performances of the detector. 

Nevertheless, this machine offers the possibility to produce enough double Higgs events to allow the determination of 

the trilinear coupling. 

The trainee will be introduced to the concepts of the Muon Collider and from the practical point of view, he/she will be 

taught the simulation framework which is the one adopted by the future accelerator community. He/she will be asked 

to study the properties of the double Higgs events produced in very high energy lepton collision and to identify all the 

possible physics backgrounds. He/she will have to develop a machine learning based algorithm to separate double 

Higgs events from the background events. This will be the first goal of the project. The second goal will be to set up 

and algorithm to extract the sensitivity to the trilinear Higgs potential, if all the activities will proceed as expected. 

The obtained results will be part of the documents submitted to the review of the American particle physics strategy. 

During this period the trainee will gain the basic knowledge of the proposed Muon Collider machines, and he/she will 

develop the computing skills that are necessary to analyze the simulated data, mainly using the software ROOT. 

 

19 

Title of training Experimental study of fundamental symmetries in exotic nuclei 
Place 
Period June - July or September 
Duration 4 weeks / 100 hours 
Supervisor Francesco Recchia (recchia@pd.infn.it) 
Description of the research activity The student will take part to the data analysis of an experiment performed at an 

international facility to study the structure of nuclei with a large proton excess with respect to stability. The student will 

learn the data analysis techniques used for the data reduction and will contribute to develop the methods and 

techniques that are fundamental for the analysis of such large amounts of data. 

The analysis is coordinated between teams in different international institutions. The student will take part to the 

analysis of some reaction channels that are under the responsibility of the Padova group. The ROOT software will be 

used for the analysis. The GEANT4 libraries will be used for the modeling of the detector response via Monte Carlo 

simulation. 

 

20 

Title of training Studies on cosmic muons for the calibration of the ICARUS T600 detector at FERMILAB 
Place DFA and INFN-Padova 
Period July-September 2020 
Duration 4 weeks 
Supervisor Christian Farnese (christian.farnese@pd.infn.it) 
Description of the research activity The data taking of the ICARUS T600 detector, a large Liquid Argon TPC with 

an active mass of ~500 ton, will restart soon at Fermilab in the framework of the SBN project. The detector will be 

exposed to the Booster Neutrino Beam (BNB) to definitively clarify the open question related to the existence of sterile 

neutrinos, as suggested by the LSND experiment. Since the detector will take data at shallow-depth, in each collected 

event more than 10 cosmic muons tracks will cross the detector during the 1-ms drift time in each triggered event. 

These muon tracks are a precious and rich sample that can be used to evaluate the performances of the detector. In 

particular these tracks can be exploited to calibrate the TPC wire channels and PMTs installed inside the detector, 

used for the trigger of the detector, and to measure the Liquid Argon purity condition. The student will collaborate to 

the development and to the application and tuning of the tools needed for the calibration of the T600 detector. The 

focus of the activity will be on the exploitation of crossing cosmic muons in view of the detector calibration during the 

commissioning. The activity offers to the candidate the opportunity to participate to the activities for the calibration of a 

modern large-scale neutrino experiment and to gain experience on data analysis. The activity will also involve the 

learning and usage of high-level simulation and analysis tools. 
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Title of training Characterization of new-generation silicon detectors for studying exotic nuclei, by using neural 

networks and transport simulations. 

Place Remote activity or Legnaro National Laboratories, if possible in accordance with local and national regulation 

Period June-September 2020 
Duration 4 weeks 

mailto:recchia@pd.infn.it


Supervisor D.Mengoni (mengoni@pd.infn.it), A.Goasduff (Goasduff@pd.infn.it) 

Description of the research activity 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 analyse data from in-beam 

experiment using: 

a) digital pulse-shape techniques for particle discrimination (neural networks, charge-current and energy-time of flight 

correlation matrices)  

b) custom simulation code for solve drift-diffusion equation of charge carriers in semiconductor detectors. 

c) event merger based either on event number or timestamp. 

The student will be taking part in the different stages of development and testing of a detector (if possible following the 

current national an local regulation), 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 
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Title of training Nature of molecular states in light atomic nuclei 

Place Remote activity/ Dept. of Physics and Astronomy if possible in accordance with local and national regulation 
Period June-September 2020 
Duration 4 weeks 

Supervisor D.Mengoni (mengoni@pd.infn.it), L.Fortunato (fortunato@pd.infn.it) 

Description of the research activity Some special nuclei, like 12C, 160, 20Ne, etc., exhibit a bosonic nature. This 

behaviour can be well explained by using group theory, which permits to classify the nuclear quantum states 

according with their discrete simmetries. The goal of the internship is to investigate the molecular properties of light 

nuclei. The student will modify and further develop a code to extract the single particle levels of the alpha cluster 

nuclei,  and, afterwards, the characteristic excited structures. The results will be compared with the experimental 

results obtained with state-of-the-art gamma-ray tracking spectrometers. 

The internship involves the learning and use of high-level programming languages, like Mathematica, and takes place 

within an international research group working in the field of Nuclear Physics. 
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Title of training Study of the stray light noise in Gravitational Wave detectors 
Place from remote with periodic online meetings with the tutors; if Covid-19 situation allows it, experimental work at 

INFN - Laboratori Nazionali di Legnaro 

Period July - September 2020 
Duration 4 weeks 
Supervisor Livia Conti (livia.conti@pd.infn.it), Giacomo Ciani (Giacomo.ciani@unipd.it) 

Description of the research activity Advanced Gravitational Wave detectors such as Virgo and Ligo are very 

sensitive instruments, carefully designed and realized to minimize all sort of noise sources, both technical and 

fundamental. The achieved displacement sensitivity is extreme, down to 1e-20m/sqrt(Hz) at about 100Hz. At this level, 

an important residual disturbance is stray light: despite the high quality of the optics employed, a few of the incident 

photons get scattered out of the main beam, get reflected by surrounding surfaces (e.g. the walls of the vacuum 

chambers housing entire system) and eventually recombines with the main beam, injecting the vibration noise of the 

reflecting surfaces in the form phase noise. The student will use numerical simulations, analytical estimations and/or 

sample measurements to assess and reduce the impact of stray light noise in some case studies related to Advanced 

Virgo. The student will learn about the issue and causes of stray light in high sensitivity optics experiment, will 

familiarize with a professional software used to evaluate it and will learn methods and techniques both to quantify the 

stray light and to reduce its impact. 
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Title of training Setup of a air quality portable probe station 
Place if Covid-19 situation allows it, at INFN – Sezione di Padova or at INFN-LNL, where best suits the student. 

Otherwise it can be carried out at the student’s place, with periodic online meetings with the tutor 

Period July - September 2020 
Duration 4 weeks 
Supervisor Livia Conti (livia.conti@pd.infn.it) 
Description of the research activity Air quality measurements provide a fudamental environmental monitor, of 

particular importance in the region where we live ranked among those with the worst polluted air in Europe. With the 

goal of setting up an hand-on activity for high school students, we are setting up a portable air quality probe station: it 

is based on an Raspberry board and includes a Barometric, Humidity and Temperature Sensor as well as a Particulate 



Matter Sensor. The students will assemble the probe station, develop a simple web interface to communicate with it 

and perform some measurements also to study the performance and calibrations of the sensors. The student will also 

help in designing a procedure and in preparing a guide or tutorial for school students to help them perform some of the 

steps necessary to start the probe station and take some measurements. Some experience with Linux is mandatory. 

This activity will allow the students to familiarize with environmental monitoring measurements, will acquire experience 

with electronics, data acquisition and the Linux operating system. The student will also gain some experience in the 

process of teaching and tutoring. 
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Title of training Time resolved micro-rheology in aging polymers 
Place Remote activity. Local link to Lafsi Laboratory (Room 74 in the Department of Physics and Astronomy, DFA in 
Via Marzolo 8, Padova). 
Period from July to September, 2020 
Duration 4 weeks overall 
Supervisor Matteo Pierno (matteo.pierno@unipd.it), Marco Baiesi (marco.baiesi@unipd.it), Annamaria Zaltron 
(anammaria.zaltron@unipd.it), Giampaolo Mistura (giampaolo.mistura@unipd.it) 
Description of the research activity  
Background: 
It has been demonstrated the use of an ordinary white-light microscope for the study of the wavevectors-dependent 
dynamics of colloidal dispersions (Phys Rev Lett, 100, 188102, 2008). Time series of digital video images are 
acquired in bright field with a fast camera, and image differences are Fourier analyzed as a function of the time delay 
between them. This allows for the characterization of the particle dynamics independent of whether or not they can be 
resolved individually. More recently (2019), this techniques has been developed to be time-resolved, within the work of 
a bachelor degree in Physics at the Lafsi Lab of the DFA (Padova). 
Objectives and description of the activity: 
Aim of the stage is the analysis of stacks of images to measure time-resolved fluctuations and the time-resolved 
correlation functions relative to the dynamics of concentrated polymers solutions. The algorithm has been optimized 
within two recent degrees in the Physics at the Lafsi Lab to get also rheological information of the polymer solutions. 
Data will be compared with numerical simulations performed by Prof. Marco Baiesi in similar systems to seek for 
general scaling laws in out-ofequilibrium systems. Data will be provided remotely by local to staff, so there is no need 
to access directly the laboratory rooms. 
Output skills: 
During the stage the student will learn the fundamentals of Fourier optics, Light Scattering, fluctuations and dissipation 
measurements. He/she will acquire skills in high-level coding (Matlab and/or Python and/or Labview) to image 
processing. 
Notes: 
This internship will be completed with no need access the laboratories rooms. Discussions on the progress and the 
output will be performed by Zoom meetings. 
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Title of training Elastic polymers flowing along microfluidic channels patterned by micro-herringbones 
Place LaFSI Laboratory (Rooms 74-75, ground floor, Department of Physics and Astronomy – DFA, Via Marzolo 8, 
Padova) + Remote activity for data analysis 
Period from July to September, 2020 
Duration 4 weeks overall 
Supervisor Matteo Pierno (matteo.pierno@unipd.it), Davide Ferraro (davide.ferraro@unipd.it), Giampaolo Mistura 
(giampaolo.mistura@unipd.it) 
Description of the research activity  
Background: 
Crosslinked polymers are examples of Soft-Glassy Materials (SGMs), i.e. systems that behave like a solid below a 
threshold stress, above which they start flowing with a complex velocity distribution. Controlling the flow SGMs at the 
microfluidic scale is pivotal in pharmaceutical and food processing as well in additive manufacturing. It has been 
shown that the solid-to-liquid transition can be triggered by a 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. (see e.g. the cover of the Soft Matter, 
2018, 14, 1281 DOI:10.1039/C8SM90031K). 
Objectives and description of the activity: 
Aim of the internship is the study of polymer solutions at different degree of chains crosslinking flowing forward and 
backward the direction of micro-herringbones. Within a limited experimental activity in the Lafsi Laboratory, the 
student will use previously realized microchannels to collect image stacks of fluorescent tracers dispersed within the 
polymers solutions. Then, by micro Particle Tracking Velocimetry (μPTV) algorithm he/she will reconstruct the flow 
profile inside the channels looking for connections between flow profiles and the rheological properties of the 
polymers. 
Output skills: 

mailto:matteo.pierno@unipd.it
mailto:marco.baiesi@unipd.it
mailto:anammaria.zaltron@unipd.it
mailto:matteo.pierno@unipd.it
mailto:davide.ferraro@unipd.it


During the internship the student will acquire skills on microfluidics, fundamental of complex rheology, image 
processing and velocimetry. 
Notes: 
This internship will include a limited experimental activity (about 7-10 days) to be performed in the Lafsi Lab, by 
following the restrictions imposed to contrast the spreading of Covid-19. Conversely, data analysis will be performed 
remotely. Discussions and reports will take place by Zoom meetings 
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Title of training Holographic printing and manipulation by Spatial Light Modulator (SLM) 
Place Remote activity. Local link to Lafsi Laboratory (Room 74 in the Department of Physics and Astronomy – DFA, in 
Via Marzolo 8, Padova) 
Period from July to September, 2020 
Duration 4 weeks overall 
Supervisor Matteo Pierno (matteo.pierno@unipd.it), Annamaria Zaltron (anammaria.zaltron@unipd.it), Giampaolo 
Mistura (giampaolo.mistura@unipd.it) 
Description of the research activity  
Background: 
The development and commercial availability of Spatial Light Modulators (SLMs) has revolutionized holographic 
optical manipulation techniques. Indeed, SLMs are computer-controlled holograms that can be updated at video frame 
rates to obtain interactive control of the holograms. SLMs may be used to generate a wide variety of optical potentials 
that are useful for guiding and trapping applications either in soft-matter or atom optics. 
Objectives and description of the activity: 
Aim of the stage is the realization of an efficient algorithm to generate phase holograms for use with SLMs. The 
program should be able to generate multiple beams and can be used for beam steering. We see a major application to 
optical guides and traps by suitable printing on photo-refractive (e.g. Lithium Niobate) or bi-refractive (e.g. Liquid 
Crystals) media. A key output of the program will be the control of the position, number, and type of the optical 
holograms. The stage can be completed with no need to access the laboratories rooms. Experimental test on the 
SLMs will be remotely assisted by local staff. 
Output skills: 
During the stage the student will learn the fundamentals of Fourier optics and holography. He/she will acquire skills in 
Labview interface to instruments control and efficient computing of 2D-FFT. 
Notes: 
Discussions on the progress and the output will be performed by Zoom meetings. If necessary, a limited experimental 
activity in the Lafsi and the Tweezer Labs will be considered (only a few days) respecting the restrictions imposed by 
the rules to contrast the spreading of Covid19. 
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Title of training Sensing of laser-cavity mode-matching in gravitational wave detectors using electro-optical RF 
modulators 
Place From remote and, if the COVID-19 directives allow, INFN - Laboratori Nazionali di Legnaro 
Period July-September 2020 
Duration 4 weeks / 100 hours 
Supervisor Giacomo Ciani (Giacomo.ciani@unipd.it), Marco Bazzan (marco.bazzan@unipd.it) 
Description of the research activity In the O3 observing run, the LIGO and VIRGO gravitational wave detectors 

made use for the first time of the injection of non-classical squeezed vacuum states of the optical field to increase their 

sensitivity, reducing the impact of quantum fluctuations. To exploit the full potential of this technique, it is important to 

reach sub-percent matching of the spatial characteristic of the laser beams resonating in the different cavities 

comprising the interferometers, and accurate sensing of the mismatch at the same or better level is needed. 

We have developed an innovative sensing technique based on radio-frequency modulation of the transverse spatial 

mode of the optical field, using a custom lensing device based on an electro-optical crystal. The involved students will 

help optimize the technique, which entails several possible activities: analysis of optical imperfections on the error 

signal, analytical study and numerical simulation of electrodes geometry, experimental verification of the performance 

in a dedicated optical layout comprising an infrared laser and a high-finesse optical cavity. This research will help the 

students acquire experience in laser optics, non-linear optical crystals, numerical simulation tools, cavity locking, 

digital and analog electronics, signal acquisition and processing. 
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Title of training Pulsed Laser Melting of Semiconductors 
Place Physics and Astronomy Department 
Period June-September 2020 
Duration 4-5 weeks 
Supervisor Enrico Napolitani (enrico.napolitani@unipd.it) 
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Description of the research activity Pulsed Laser Melting (PLM) has proven a beneficial potential to improve the 
electrical, structural and optical properties of semiconductor materials. The extremely fast dynamics of surface melting 
and recrystallization in the nanosecond regime allows to synthesise shallow layers with properties not accessible with 
conventional equilibrium thermal processes. 
The student will use the new laboratory for Laser Processing of the DFA to study the hyperdoping of Ge or Si by PLM. 
Samples will be processed with different conditions and then characterized to understand the dopant diffusion and 
incorporation during melting/recrystallization, the electrical properties of the doped layers (carrier concentration and 
mobility), and the evolution of the surface morphology. The data will be analyzed with the help of a PLM simulation 
code. The student will acquire the basics on different processing and characterization techniques such as pulsed UV 
Laser Processing, VdP-Hall, SIMS, AFM, and notions on the physics of non equilibrium doping processes and on the 
properties of hyperdoped semiconductor materials. 
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Title of training 
Chambers of the CMS experiment from simulation and data analysis 
Place Dipartimento di Fisica e Astronomia, work can be done via Web  
Period June or September 2020, time period can be adjusted 
Duration 4 weeks 
Supervisor Anna Tersa Meneguzzo (anna.meneguzzo@unipd.it), Roberto Rossin (roberto.rossin@pd.infn.it) 
Description of the research activity  

Introduction ( context) - Drift Tube  chambers designed and built in Padova and have been successfully  working in the 

CMS experiment at the Lhc pp collider at Cern. The chambers will be used, even if not build for, also in next pp 

interaction period, HighLuminosity runs, in which the instantaneous Luminosity will reach a factor 10 the instantaneous 

luminosity the chamber were build for. We are currently involved in the checks for verifying the DT chambers  

capability  to sustain the new larger instantaneous luminosity and, consequently, the much higher levels of radiation. 

We have been simulating single particle tracks impinging the chamber and cumulated data. The work will consist to 

contribute to the analyse of the simulated data in order to compute the chamber sensitivity to particle types expected 

at the background at HL-Lhc. The computed sensitivity will next, eventually, be compared to the sensitivity extracted 

from the data collected in the GIF area at Cern , Gamma rays  facility.  

Main reaches for the students: 

- improve  and apply skills on data analysis and statistics 

- possibility to use deeply the physic learned theoretically  in the courses of elementary particles and in the courses of 

particle interaction with the materials and to apply their knowledge even if  in a small part of the frontier of the 

experimental field.  

- to interact in the contest of a big experiment and   participate even if with a small  work to a big experiment within a 

big community. Big experiments are made of many small piece of work  all important.  ( i.e. “ better to be a small fish 

in the ocean than a big fish in a pond”) 
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Title of training Implementation and characterization of a Quantum Random Number generation system 
Place Quantum Communication Laboratories, c/o CNR-IFN Luxor, via Trasea 7, Padova 
Period June-September 
Duration 4 weeks 
Supervisor Giuseppe Vallone (vallone@dei.unipd.it) Paolo Villoresi (paolo.villoresi@dei.unipd.it) 
Description of the research activity The activities will be dedicated to the implementation and characterization of a 

Quantum Random Number Genrators (QRNG) systems. This will include the generation of quantum states and their 

their measurement. The acquired competences are related to the generation, manipulation and detection of quantum 

optical states and the post-processing of the acquired random numbers. The student will be familiar with the 

experimental tools typically used in quantum optics, such as fiber optic modulators, homodyne measurement, and the 

relevant parameters of QRNG (such as min-Entropy). 
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Title of training Implementation and characterization of a Quantum Key Distribution system 
Place Quantum Communication Laboratories, c/o CNR-IFN Luxor, via Trasea 7, Padova 
Period  June-September 
Duration 4 weeks 
Supervisor Giuseppe Vallone (vallone@dei.unipd.it) Paolo Villoresi (paolo.villoresi@dei.unipd.it) 
Description of the research activity The activities will be dedicated to the implementation and characterization of a 
Quantum Key Distribution (QKD) systems. This will include the generation of quantum states and their transmission in 
free-space or fiber and their measurement. The acquired competences are related to the generation, manipulation and 
detection of quantum bit encoded in the photon polarization or in a different degree of freedom. The student will be 
familiar with the experimental tools typically used in quantum optics, such as single photon detectors, fiber optic 
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modulators, polarizing beam splitter and waveplates and the relevant parameters of QKD (such as Quantum Bit Error 
Rate and Secret Key Rate). 
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Title of training Characterization of a entangled photon source 
Place Quantum Communication Laboratories, c/o CNR-IFN Luxor, via Trasea 7, Padova 
Period  June-September 
Duration 4 weeks 
Supervisor Giuseppe Vallone (vallone@dei.unipd.it) Paolo Villoresi (paolo.villoresi@dei.unipd.it) 
Description of the research activityThe activities will be dedicated to the characterization of an entangled photon 

source. This will include the study of the SPDC process behind the entanglement generation and the measurement of 

the entanglement properties. The acquired competences are related to the generation, manipulation and detection of 

entangled optical states. The student will be familiar with the experimental tools typically used in quantum optics, such 

as single photon detectors, fiber optic modulators, polarizing beam splitter and waveplates and the relevant 

parameters of entanglement certification (such as Bell inequalities). 
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