
INTRODUCTION TO RESEARCH ACTIVITIES 
1 
Title of training Gamma-ray astronomy data format 
Place, period and duration DFA august-september 2019 
Supervisor Michele Doro, michele.doro@unipd.it 
Description of the research activity Ground-based Cherenkov telescopes such as MAGIC (participated by DFA) are 

moving toward modern cataloging of high level science products such as spectral energy distribution, light curves, 

models. This means that anybody from anywhere in the world with a simple terminal command can perform follow-up 

analysis with real telescope data and open-source code. This requires the data transposition into specific formats 

(yaml/ecsv) compatible with open-source software such as astropy and gamma-py. The student will learn data 

handling, data formating, and basic astronomical data handling and analysis. 

2 

Title of training A population study of MAGIC blazars 
Place, period and duration DFA august-september 2019 
Supervisor Michele Doro, michele.doro@unipd.it 
Description of the research activity The ground based Cherenkov telescope MAGIC has published more than 40 

spectral energy distribution of active galactic nuclei, which are supermassive black holes at the certain of some 

galaxies that power up ultrarelativistc jets which in turn emit very high energy radiation. We aim at comparing spectral 

properties of published results toward a population study within the framework of the open-source code JetSet in 

which DFA participates. The candidate will learn basic python programming skills as well as the basics of the emission 

mechanisms of high energy radiation in these cosmic accelerators. 

3 

Title of training Vortices in modulated supersolid phases of dipolar Bose gases 
Place, period and duration DFA June 2019 to September 2019 
Supervisor Francesco Ancilotto, franc@pd.infn.it 
Description of the research activity The student will perform numerical simulations, using methods based on 

Density Functional Theory, of the supersolid phases appearing, for given values of the coupling strengths,in a 

confined system of dipolar Bose atoms. In particular, the conditions for creating stable vortex structures in the system 

will be studied, as a function of the rotational frequency and other relevant physical parameters. 

4 

Title of training Theoretical investigation of quantum and thermal fluctuations in superconductors and superfluids 
Place, period and duration Padova, Department of Physics and Astronomy "Galileo Galilei", via Marzolo 8, 
2 months of research activity in any period between the mid june to the end of September 
Supervisor Prof. Luca Salasnich, luca.salasnich@unipd.it 
Description of the research activity The Ginzburg-Landau approach to second-order phase transitions assumes the 

existence of an order parameter which becomes different from zero in the ordered phase. In its simplest formulation 

this order parameter is uniform and constant. During the internship the student will study theoretically the Ginzburg-

Landau theory  of second-order phase transition in the case of superconductors and superfluids, taking into account 

thermal and quantum fluctuations which are due to the space and time dependence of the order parameter. 

The analytical and numerical results, obtained by using path integral and functional integration, will be compared 

with experimental data of superconducting materials and ultracold atomic gases under optical confinement. 

5 

Title of training Exclusive reconstruction of neutral b mesons using advanced analysis techniques (multivariate / 
neural network algorithms) 
Place, period and duration DFA,summer,4 weeks 
Supervisor Bertolin Alessandro, 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. 
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. 
 
6 
Title of training Beam emittance studies for an alternative high energy muon collider 
 Place, period and duration DFA,summer,4 weeks 
Supervisor Bertolin Alessandro, bertolin@pd.infn.it 
Description of the research activity Active discussions are ongoing about the next possible accelerator that would 
best complement or even replace the LHC as the main instrument  for consolidating the present knowledge of the 
Standard Model and searching for new phenomena. The two most popular classes of such accelerators are  hadron-
hadron and electron-positron colliders, possessing either very high  centre-of-mass energy or very clean collision 
environment respectively. An attractive alternative is a muon collider, which can simultaneously provide both the high 
centre-of-mass energy and the clean experimental environment in a single machine. A number of technical challenges 
have to be addressed for making a muon collider practical at this level of performance, most notably the emittance of 
the muon beam has to be very low for a sustainable circulation in an accelerator complex. 
Experimental investigations on muon beam emittance are being carried out by the LEMMA collaboration. These 
investigations are at present using both simple toy Monte Carlo models, simulations of an experimental setup suited 
for emittance measurements as well as results of a test beam recently carried out at CERN. 
The interested candidate will became familiar with the concept of beam emittance and could contribute to any of the 3 
points discussed above, gaining valuable knowledge of experimental data analysis techniques. 
 
7 
Title of training Physisorption of noble gases on graphene from first principles 
Place, period and duration DFA, 4 weeks during the summer 2019 
Supervisor Alberto Ambrosetti,  albertoambrosetti@gmail.com 
Description of the research activity Substrates made of graphene are potentially interesting 
for a wide range of applications, thanks to their extraordinary electronic, thermal and mechanical properties. 
Clearly it is of fundamental importance to understand the interaction of individual atoms of different elements with 
graphene, particularly considering rare gases physisorbed on graphene (see, for instance, R. Shepard, S. Shepard, 
M. Smeu, Surf. Sci. 682 (2019) 38; A. Ambrosetti and P. L. Silvestrelli, J. Phys. Chem. C 115 (2011) 3695.), since 
these systems could be used, for instance, as atomic sensors and are relevant to elucidate the basic features of 
physisorption processes. 
The student will became familiar with the basic tools provided by the Quantum Espresso first principles package, 
based on the Density Functional Theory (DFT). 
Then he/she will perform simulations from first principles of processes of physisorption of rare-gas atoms of different 
elements on graphene, studying structural, electronic, and energetic properties,using different DFT approaches, 
including some recently developed methods which are capable of describing the van der Waals interactions, 
characterizing physisorption processes, with different degrees of accuracy. 
 
8 
Title of training Pulsed Laser Melting of Semiconductors 
Place, period and duration Physics and Astronomy Department, 4-5 weeks (June-September) 
Supervisor Enrico Napolitani, enrico.napolitani@unipd.it 
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. In fact, 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 to study the hyperdoping of Ge 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. 
 
9 
Title of training Optimization of a Holographic Ghost Imaging Experiment 
Place, period and duration Physics and Astronomy Department "G. Galilei" - Polo Didattico, July - September 2019 
Supervisor Marco Bazzan, marco.bazzan@unipd.it 
Description of the research activity Ghost Imaging is a peculiar type of imaging technique where the information is 

not encoded in the intensity distribution of an optical beam. A spatially and temporally incoherent light beam (time-

varying speckle pattern) is split in two beams: one is used to image a sample (object beam) and is collected by a point 

-like detector without spatial resolution. The second beam does not meet the sample and is imaged by a CCD 

(reference beam). The image of the object is retrieved by looking for the correlations between the object and the 

reference beam. 



In this activity we propose to implement an all-optical demonstrator of this technique, where the correlation operation 
is performed in real time by means of a hologram.  
The student participating in this activity will acquire practical experience in building and aligning an optical setup and 
analyzing  image data.  
 
10 

Title of training Developement of a compensated Sawyer-Tower circuit for measurement of ferroelectric hysteresis in 
thin films 
Place, period and duration Physics and Astronomy Department "G. Galilei" - Polo Didattico, July - September 2019 
Supervisor Marco Bazzan, marco.bazzan@unipd.it 
Description of the research activity Ferroelectric thin films are of great technological and scientific importance in 

many fields, incluiding photonics, energy harvesting, photocatalysis etc. One of the most peculiar properties of those 

material is the presence of a built-in electrical polarization whose sign can be reversed by application of an electric 

field larger than a critical threshold (coercive field). The measurement of the polarization hysteresis cycle can provide 

useful information on the state of the material and on its structural perfection. In this activity the student will develop 

and test a circuit for the measurement of the Hysteresis loop in ferroelectric thin film samples of lithium niobate. 

Subsequently this tool will be used for the characterization of ferroelectric thin films prepared in our laboratory. With 

this activity the student will learn how to realize in practice electronic measurement systems and perform accurate 

electrical measurements. 

 
11 

Title of training High-Precision Intracavity Measurement of Optical Absorption in nonlinear crystals 
Place, period and duration INFN - Laboratori Nazionali di Legnaro, July - September 2019 
Supervisor Marco Bazzan, marco.bazzan@unipd.it; Jean Pierre-Zendri, Jean-Pierre.Zendri@lnl.infn.it; Livia Conti, 
livia.conti@pd.infn.it 
Description of the research activity Squeezed light is a nonclassical state of an optical field which is useful for high-

precision measurement, such as in gravitational wave interferometers. Its generation requires the use of nonlinear 

optical materials with extremely low absorption, to the point that the characterization of those materials is a problem in 

itself.  

In this activity the student will set up and operate a new characterization method based on an optical cavity and on the 
fact that low absorption levels can be probed by thermo-induced optical effects. The acquired practical compentences 
will encompass gaussian beam optics and optical cavities, electronic locking systems and signal acquisition. 
 
12 

Title of training Implementation and characterization of a Quantum Key Distribution system 
Place, period and duration Quantum Communication Laboratories, c/o CNR-IFN Luxor, via Trasea 7, Padova.; July-

August; 4 weeks. 

Supervisor Giuseppe Vallone, vallone@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 

modulators, polarizing beam splitter and waveplates and the relevant parameters of QKD (such as Quantum Bit Error 

Rate and Secret Key Rate). 

 

13 

Title of training Fabrication and investigation of Lubricant-Impregnated Surfaces for droplet mobility study 

Place, period and duration Laboratory LaFSI (Room 74-75)  Department of Physics and Astronomy Via Marzolo, 8 – 

Padova 4 weeks to be defined with the supervisor in July, August or September.  

Supervisor Davide Ferraro, davide.ferraro@unipd.it; Giampaolo Mistura giampaolo.mistura@unipd.it 

Description of the research activity Biomimetic surfaces with designed chemistry and roughness possess 

remarkable non-wetting properties, which can be extremely useful in a wide variety of commercial and technological 

applications. The superhydrophobicity of surfaces mimicking Lotus leaves originates from the reduced contact of the 

surface with the liquid caused by the trapping of air pockets within the texture; as long as these air pockets are stable, 

the surface continues to exhibit superhydrophobic behavior. However, maintaining stable air pockets is challenging. 

Actually, air pockets can collapse due to external wetting pressures, can diffuse away into the surrounding liquid or 

can lose robustness upon damage to the texture.  

A different and newer approach to achieve non-wetting properties is the use of Lubricant-Impregnated Surfaces (LIS). 

These are composed of a liquid lubricant that is stabilized in a porous or textured solid surface by capillary forces. 

mailto:davide.ferraro@unipd.it


Therefore, a water drop placed on a LIS typically exhibits high mobility and negligible friction, two features that are 

found essential for significant advances in different applications: anti-icing for airplane wings, friction reduction for 

painting and food industries, enhanced heat transfer for cooling systems, etc. For these reasons, during the past few 

years, many researchers have taken an interest on these surfaces. At LaFSI, we are currently studying different 

strategies for their production to enhance the mobility of droplets of different liquids (e.g., water, ferrofluids, non-

newtonian liquids).  

Goal of this stage is the preliminary study of a new type of LIS working for liquids having low surface tension. At first, 

the student will prepare different impregnated surfaces using various combinations of fluorinated materials and oils; 

then, she/he will study the mobility of water and oil droplets on them, evaluating the best fabrication strategy.  

Skills: During the stage the student will learn the basics of the physics of wetting and capillary phenomena, and 

acquire skills on microfabrication, complex fluids properties, optical techniques.   

 

14 

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 (July-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 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 

or liquid films on the substrate, including formation, volume, shape merging and splitting and motion, offering 

important technological tools for a wide range of applications in chemistry, biology and pharmaceuticals. A method to 

achieve such control of drops relies on the application of vibration 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 stage, the student will study the resonances of the free interface of a water drops with 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. 

Skills: During the stage the student will learn the basics of the physics of wetting and capillary phenomena, acquire 

skills on microfabrication, in particular soft-lithography, and on the typical image acquisition and processing 

procedures employed in open microfluidics 

 

15 

Title of training Flow of 2d Foams 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, 2019 

Supervisor Davide Ferraro, davide.ferraro@unipd.it; Giampaolo Mistura, giampaolo.mistura@unipd.it 

Description of the research activity  Foam can be roughly defined as a dispersion of gas bubbles in a continuous 

medium. Everyday examples of foams go from whipped-cream to sea “white horses”, from shampoo lather to the top 

of a pint of beer. In this soft state, the gas bubbles are tightly packed together, so that the liquid phase is spread in a 

network of thin films between neighboring bubbles. Goal of this stage is the production and characterization of foams 

using the two-syringe method. Once stable foams are obtained, a single layer of bubbles will be squeezed between 

two transparent plates separated by a distance of a few hundred microns thus producing the so-called 2D foam. Their 

evolution will be monitored using video cameras. In particular, a small overpressure will be applied to one side of the 

channel and the resulting flow will be recorded. The videos will then be analyzed off-line to reconstruct the flow 

dynamics. Once this preliminary activity is completed, attention will be devoted to study the effect that patterning the 

surface walls with micrometric grooves exerts on the foam flow. Skills: During the stage the student will acquire skills 

on microfabrication and microfluidics, complex fluids properties and optical techniques including (but not limited to) 

imaging methods and image processing. 

mailto:davide.ferraro@unipd.it
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16 

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”, 26 August – 25 September 2019,  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 2018, 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. 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. 
 
17 

Title of training Analysis of the test-beam data acquired with a novel 3D pixel detector at the microbeam facility of 

Legnaro 

Place, period and duration Department of Physics, university of Padova and INFN Legnaro during the months of 

June, july, september 

Supervisor Gabriele Simi, gabriele.simi@unipd.it); Serena Mattiazzo, serena.mattiazzo@unipd.it, Anna Lupato, 

anna.lupato@unipd.it 

Description of the research activity INTRODUCTION In recent years silicon pixel detectors manufactured with an 

intrinsic 3D geometry have become increasingly interesting because of their properties of radiation hardness and 

signal speed. This project is part of a research activity on fast silicon pixel detectors for future 4D particle tracking 

systems for tracking detectors and medical applications. ACTIVITIES The student will setup a laboratory system to 

display and characterize the signal from a 3D pixel detector, using amplification and shaping electronics and digital 

data acquisition system. The student will then study the data acquired with the same device in a test beam with the 

Legnaro microbeam facility to display the signals from a single pixel structure.The student will then determine the 

charge collection properties and pulse height characteristics as a function of the position on the device surface. 

COMPETENCES Silicon pixel detector working principles. Analog and digital Signal processing. Root data analysis. 

 

18 

Title of training Optimization of Lambda_b -> Lambda_c* Ds selection with the LHCb detector 

Place, period and duration Department of Physics, university of Padova during the months of June, July, September 

Supervisor Gabriele Simi, gabriele.simi@unipd.it); Anna Lupato, anna.lupato@unipd.it 

Description of the research activity INTRODUCTION The study of b-Baryon decays is important in many flavour 

physics studies. In this project we focus on a decay process ( Lambda_b-> Lambda_c* Ds ) that has never been 

observed nevertheless represents a significant background for the study of Lepton Flavour Universality in the decay of 

Lambda_b Baryons. ACTIVITIES The student will extract from Data and Montecarlo-simulated events the distributions 

of the relevant variables for signal selection. The student will separate signal from background events in pre-digested 

data acquired with the LHCb detector using a simple cut based selection. The student will then apply multivariate 

selection techniques, including deep neural networks, to optimize the signal selection. 

 

19 

Title of training Calibration of photon detectors for the upgraded LHCb RICH 

Place, period and duration Department of Physics, university of Padova during the months of June, July, 

September. 

Supervisor Gabriele Simi, gabriele.simi@unipd.it; Anna Lupato, anna.lupato@unipd.it 

Description of the research activity INTRODUCTION The LHCb RICH detector is being upgraded in order to 

acquire data at 40MHz and improve the Cherenkov photon detection capability in the context of the LHCb upgrade 

program. One important task is to calibrate the response of the photon detectors once they are coupled to their final 

electronics. ACTIVITIES The student will analyze the data acquired with the LHCb RICH photon detector prototype to 

extract the number of observed signals as a function of the applied threshold. The student will fit to this data a model 

based on the detector response observed during the characterization of photon detectors in the lab in Padova and 

calibrate the optimal threshold. The student will then compare the extracted model parameters with the ones obtained 



from lab measurements in Padova. Basic working principles of multi-anode photomultipliers. Statistical data analysis 

and model fitting techniques. Root based data analysis 

 

20 

Title of training Study of Lambda_b -> Lambda_c* mu nu decays with the LHCb detector 
Place, period and duration Department of Physics, university of Padova during the months of June, July, September 
Supervisor Gabriele Simi, gabriele.simi@unipd.it); Anna Lupato, anna.lupato@unipd.it 

Description of the research activity In this project we focus on the study of the decay process Lambda_b-> 

Lambda_c*(->Lcpipi) mu nu, as a part of the form factor measurement. In fact, the semileptonic decays include a 

hadronic-level transition, whose matrix element cannot be analytically calculated, but can be parametrized using 

function called form factors. ACTIVITIES The student will extract from Data and Montecarlo-simulated events the 

distributions of the relevant variables. The student will select the Lc*->Lcpipi decay using ROOT analysis tool  .The 

student will then extract the fraction of Montecarlo-simulated events which pass all stages of selection. This study is 

fundamental in order to measure the form factors.COMPETENCES Particle reconstruction using LHCb detector; 

Statistical analysis of large amounts of data; Root based data analysis. 

 

21 

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. 

22 

Title of training Experimental study of isospin symmetry in exotic nuclei 
Place, period and duration Dipartimento di Fisica e Laboratori Nazionali di Legnaro 
Supervisor Martha Liliana Cortes, liliana.cortes@lnl.infn.it; Francesco Recchia, recchia@pd.infn.it 
Description of the research activity One of the fundamental tenets of nuclear structure is the assumption that the 

attractive nuclear force is independent of the charge. The impact of isospin symmetry is maximal near the N=Z line 

where nuclei have equal numbers of neutrons and protons. The differences in excitation energy between excited 

isobaric analogue states are the main topic of the proposed experimental stage. The student will take part to the 

analysis of an experiment performed at the RIKEN Laboratory, Japan, for the study of the structure of extremely exotic  

nuclei. The analysis will be coordinated between the teams in York, Tokyo, Madrid and Padova. Some reaction 

channels will be analysed in Padova with the use of the ROOT software and with a comparison of the experimental 

results to Monte Carlo simulation based on the software GEANT. 

23 

Title of training Development and characterization of new-generation silicon detectors for studying exotic nuclei. 
Place, period and duration Legnaro National Laboratories, June-September 2019 

Supervisor Daniele Mengoni, mengoni@pd.infn.it;  Alain 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 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). 

 

 

 



24 

Title of the Internship Nature of molecular states in nuclei 

Place, period of performance and duration Dept of Physics and Astronomy, June-September 2019 

Supervisor Daniele Mengoni, mengoni@pd.infn.it; Lorenzo Fortunato, fortunato@pd.infn.it 

Description of the research 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 21Ne. The student will 

modify and further develop a code to extract the single particle levels of the 21Ne and, afterwards, the characteristic 

excited structures. The results will be compared with the experimental results obtained at the Legnaro National 

Laboratory (INFN), using a state-of-the-art AGATA gamma-ray spectrometer. 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. 

 

25 

Title of training Jet flavour tagging with Deep Neural Network techniques at the LHCb 

experiment. 
Place, period and duration INFN Padova ;  4 weeks during summer (June/July/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, and it is mainly dedicated to the study of the bottom quark (b) and charm quark (c) Physics.  
A long standing puzzle that LHCb may aim to solve is the discrepancy between the b/anti-b charge asymmetry 
measured at LEP and the asymmetry measured at Stanford Linear Collider in California using polarized electron 
beams.  According to the fermionic universality of neutral currents, a pillar of the Standard Model, these two 
measurements should be compatible, but a 3-sigma discrepancy has been found.  The free quarks produced in 
proton-proton collision 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. In order to measure the b b-bar 
charge asymmetry in proton-proton collision, algorithms that distinguish the sign of the quark charge from the jet 
features must be employed (jet flavour tagging algorithms).  
The LHCb-Padova group is on the front line in the development such algorithms. These algorithms exploit the charge 
of the muons in jet or the jet sub-structure to identify the charge 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 
several jet flavor tagging algorithms, including those 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 simulated data in order to measure the physical performance, like the b and b-bar 
charge identification efficiency and the probability of mis-identification.  The obtained results will be used to establish 
which algorithm, or combination of algorithms, 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.  
 
26 

Title of training Characterization of Higgs and Electroweak processes at a Muon Collider. 
Place, period and duration INFN Padova ; 4 weeks during summer (June/July/September)  
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 the energy frontier in leptons collisions, without occurring in significative 
synchrotron radiation losses as in electrons rings.  Due to the muon decay, the detector has to sustain an 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.  
The trainee will be introduced to the Muon Collider simulation framework used by the Padova Muon Collider group.  
Then he/she will be involved in the Physics analysis of simulated Higgs and Electroweak processes in muon-muon 
collisions.  
In particular the trainee will measure the physical performance in different detector and magnetic field configurations, 
like the reconstruction efficiency and the Higgs mass resolution.  
He/she will also study the physical background contamination and the strategies to reduce them.  
The trainee will have also the opportunity to optimize the reconstruction algorithms in an environment significantly 
different from that of classical electron colliders.  
The obtained results will be used to assess the Physics potential of a Muon Collider machine.  
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.  
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Title of training Sensing of laser-cavity mode-matching in gravitational wave detectors using electro-optical RF 
modulators 
Place, period and duration INFN - Laboratori Nazionali di Legnaro, July - September 2019 
Supervisor Giacomo Ciani, giacomo.ciani@unipd.it; Marco Bazzan, marco.bazzan@unipd.it 
Description of the research activity In the current observing run, the LIGO and VIRGO gravitational wave detectors 

are making 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 are developing 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 student will help 

characterize the current prototype of the device and apply the proposed sensing technique in a dedicated optical 

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

experience in laser optics, cavity locking, digital and analog electronics, signal acquisition and processing. 

28 

Title of training Study of thermal noise for future Gravitational Wave detectors 
Place, period and duration INFN - Laboratori Nazionali di Legnaro, July - September 2019 
Supervisor Giacomo Ciani, giacomo.ciani@unipd.it; Livia Conti, livia.conti@pd.infn.it 
Description of the research activity Mechanical thermal noise is due to the microscopic vibrations of atoms and 

molecules at any temperature above absolute zero, and is a limit to the sensitivity of many modern high precision 

physics experiments. At thermodynamic equilibrium (TE), it is a fully understood phenomenon, quantified by the the 

fluctuation-dissipation theorem and verified experimentally in a variety of systems. Indeed, the vast majority of thermal 

noise projections in high sensitivity experiments are made under the assumption of TE, even though for many of these 

systems the assumption is not correct. A typical case is that of interferometric gravitational wave detector, where 

thermal noise is a major noise source, but its modelling is currently based on the equilibrium assumption in spite of the 

thermal gradients and heat fluxes that are present in the instruments' key components. Our group has pioneered the 

research related to thermal noise out of thermodynamic equilibrium in the context of gravitational wave detectors. Our 

laboratory is equipped with a dedicated test facility, which uses state-of-the-art interferometric readout to measure 

thermal noise in macroscopic oscillators subject to thermal gradients. The student will collaborate in the experimental 

investigation of thermal fluctuations away from TE, performing measurements both in transient and steady states, 

towards a clearer understanding of the phenomenon of NE fluctuation enhancement. The acquired practical 

competences will cover laser optics, interferometry, data acquisition, data analysis with Matlab, vacuum systems, 

feedback systems. 
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Title of training Developement and test of a GHz phase locked loop for laser frequency stabilization 
Place, period and duration INFN - Laaboratori Nazionali di Legnaro; July - September 2019 

Supervisor Jean-Pierre Zendri, zendri@lnl.infn.it; Marco Vardaro, marco.vardaro@pd.infn.it 
Description of the research activity One of the upgrades of the LIGO and Virgo Gravitational Wave (GW) 

interferometric detectors, installed before the 2019-2020 data taking, is the injection of frequency-independent 

squeezed vacuum states, which are non-classical states of the optical field. Their injection reduces noise due to 

quantum fluctuations and enhances the sensitivity of the interferometers in the high frequency region, between 200 Hz 

and 10 kHz.  In the next observing run (2022), this system will be upgraded for the injection of frequency-dependent 

squeezed vacuum states (FDS), able to improve the sensitivity of the detector not only at high frequency, but over the 

whole band. To generate and control FDS, more than one laser source will be required.  

These different laser sources must be locked in phase between them with high frequency noise suppression 

performances and a well defined frequency offset, which can exceed 1 GHz, making this a challenging endeavor. In 

this activity the student will design and test a prototype board to perform the laser phase locking with GHz frequency 

offset and low residual locking frequency noise. The skills acquired will range between optics and electronics, with 

focus on the second one. In particular the student will familiarize with control system, radiofrequency 

generation/characterization and high precision phase noise measurement. 


