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The Crucial Role of Computing and Information 
Technology in Fundamental Research

• Information technology and computing technologies have become essential to address 
the challenges of modern physics and astrophysics

• this curriculum trains experts capable of developing and applying innovative solutions 
for:

• processing enormous amounts of data (Big Data) from experiments and simulations

• utilizing supercomputers for complex simulations and advanced data analysis

• implementing artificial intelligence algorithms for data analysis and pattern recognition

• efficient management and storage of scientific data
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Educational Objectives of the Curriculum

• Acquisition of advanced skills in:

• High-performance computing (HPC) techniques and supercomputing

• Methods for Big Data analysis and management

• Application of artificial intelligence in the scientific context

• Development of software and algorithms for fundamental research

• Preparation for successful careers in:

• National and international research centers

• High-tech industry and sectors that require advanced data analysis skills

• Academia and universities 3



Training Path: An Overview of the 
Curriculum’s Courses

• The curriculum offers a comprehensive and multidisciplinary set of courses, which includes 
theoretical and practical/hands-on courses covering fundamental topics in CS/AI:

• Deep Neural Networks & Structured Learning: Machine learning models for structured data, 
with applications in various fields

• Statistical Learning: Statistical techniques for data analysis in non-linear and unsupervised 
contexts

• Complex Networks: Big Data modelling and learning: Fundamental concepts of complex 
networks and their use in machine learning

• Machine Learning ad advanced Scientific Programming in Physics and Sciences

• System Engineering and project management 
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COURSES’ DETAILS
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COURSES’ DETAILS
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OTHERS ACTIVITIES (SEMINARS, LABS, HANDS-ONs, …)
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Current PhD students: Neeraj Yadav



Current PhD students: Robert Panai
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Current PhD students: Ali Saim



Current PhD students: Muhammad Waqas





Neeraj Yadav
PhD Kick-off Event

July 10-11, 2024



BACKGROUND DETAILS

• Integrated M.Sc. in Physics ans Astronomy (2018-2023) from National 

Institute of Technology Rourkela (NIT), India

• Master’s Thesis Advisor: Professor Indrani Banerjee

• Title: A study of Einstein-Maxwell dilaton-axion (EDMA) gravity in the light of the 

observed shadows

• Publication: S. K. Sahoo, N. Yadav, and I. Banerjee, "Imprints of Einstein-

Maxwell-dilaton-axion gravity in the observed shadows of Sgr A* and 

M87*", Physical Review D, vol.109, no.4, pp.044008, American Physical 

Society 2024 ( https://doi.org/10.1103/PhysRevD.109.044008 )

https://doi.org/10.1103/PhysRevD.109.044008


CURRENT PHD POSITION

• PhD Supervisor: Dr. Stefano Bagnasco, INFN

• Hosting Institution: INFN Sezione di Torino

• Curriculum: Technologies for Fundamental Research in Physics and 

Astrophysics

• Grant title: Advanced Computing Systems for Gravitational-wave Research

• Research Topic: Advanced tools for low-latency alert generation and 

management



Robert Panai - Padua, 10/07/2024

National PhD in Technologies for foundamental physics and astrophysics

Bachelor Degree: 

Physics, UniCa. (2017-2021)  

Thesis: A diatonic non-

singular black hole with 
magnetic charge  

Supervisor: Salvatore 

Mignemi 
 

Theoretical study of solutions 
to Einstein’s equations with 
coupling to the dilatonic and 
electromagnetic fields. The 
result is a singularity-free 
black hole with magnetic 
charge.

Master Degree: 

Experimental physics of 
foundamental interaction, 
UniCa. (2021-2023)  

Thesis: A software 

framework for systematics 
effects in 
continuous gravitational 
waves research 

Supervisor: Andrea Contu 

 

A code has been developed 
to perform software 
injections of continuous 
gravitational wave signals 
into the O3 run data of Virgo 
and LIGO. The injected data 
is used to study possible 
systematic effects of a 
search pipeline based on the 
Hough transform.

Skills and scientific 

interest: 

•General relativity/

Gravitational waves 

•Machine Learning 

•Quantum computing



Robert Panai - Padua, 10/07/2024

National PhD in Technologies for foundamental physics and astrophysics

• Curriculum: computing and IT systems


• Host: University of Cagliari (UniCa)


• Supervisor: Andrea Contu 

Cosupervisor: Pierluigi Bortignon, Diego Reforgiato


• Research project: application of machine learning and quantum computing  

                             for data analysis in gravitational waves physics  

                              

• NF: deep learning model using 

invertible transformation to map 

complex distribution to a simple 

ones (e.g. Gaussian) 

• Objective: Model the distribution 

of galaxy coordinates conditioned 

on redshift and luminosity power 

• Model: Gaussian base distribution, 

coupled rational quadratic splines. 

• Input: a.r, dec - Context: z, L^a 

• Next step: boost a GW inference 

framework to identify host 

galaxies

Current project: normalizing flows for boost GW pipeline

•Objective: Develop algorithms for 

data manipulation (e.g. quantum 

superposition rotations of data 

strings) to benchmark and test 

quantum error correction 

• Approach: Implement data 

manipulation techniques using a 

high number of quantum gates. 

Compare performance of 

superconducting and neutral atoms 

quantum computers 

• Next step: explore the potential of 

developing quantum machine 

learning models for gravitational 

waves research 

Current project: benchmarking superconductor vs neutral 

atoms quantum computers

• Boost data analysis 

research with 

machine/deep 

learning models  

• Development of 

machine learning 

models for extract 

GW parameters 

• Explore applications 

of quantum machine 

learning in physics

Purpose of the thesis and next 

projects:



Saim Ali                                         

PhD Student                                

University of Padua                             

INAF Catania                               



Characterization of Silicon Sensors of the CMS Outer Tracker, Dark Matter analysis using CMS Data and 

ALICE Data for Heavy ion collisions

● Bachelor of Studies in Physics with Research in Plasma Physics.

● Master of Philosophy in Experimental High Energy physics at National Centre for Physics 

Pakistan in Collaboration with CMS and ALICE experiment at CERN. 

● I have worked on the Characterization and assembly of Silicon sensors for the phase II upgrade 

of CMS outer tracker.

● Dark matter analysis using CMS data and Heavy ion Physics analysis using ALICE data.
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Title: Analysis of astrophysical phenomena using efficient and parallelized models on 

HPC computing systems

The research project aims to design and develop efficient and parallelized models for big data analysis, leveraging

advanced visualization techniques and algorithmic solutions on modern HPC computing systems. This endeavor

focuses on discovering astrophysical patterns from cosmological simulations.

Furthermore, the project is focused on creating innovative solutions for processing large datasets and accelerating

computation. This involves developing portable algorithms with multi-platform paradigms and optimizing image

reduction pipelines, potentially utilizing GPU platforms and AI libraries.

Tool: VisIVO Server is a tool for creating customized views of 3D renderings from astrophysical data tables.

Data: In this project we will use large box-sized cosmological N-body simulations, the so-called Dark Energy and

Massive Neutrino Universe'' (DEMNUni) suite.

Hosting Research Centre: INAF Astrophysical Observatory of Catania

Supervisors: Dr. Fabio Roberto Vitello, Co Supervisor: Dr. Eva Sciacca
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https://github.com/VisIVOLab/VisIVOServer


"Exploring the Cosmos: My Path from Previous Work to High 

Energy Astrophysics Research"

Muhammad Waqas

PhD 1st Year - 39th Cycle

Supervisor : Dr Valerio Formatto

INFN Tor Vergata

09 July, 2024
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From Passion to Purpose: My Pre-PhD 

Journey

Education and Training
MS Astronomy and Astrophysics
(Institute of Space Technology, Islamabad, Pakistan)

Thesis Title : Event Rate of Extreme Mass-Ratio Inspiral Systems in M32 

Galaxy

Teaching Experience
Lecturer of Physics - National Excellence Institute, Islamabad, Pakistan

Industry Experience
Telecom Engineer (LCC International, Islamabad, Pakistan)

2G & 3G Drive Testing for GSM & WCDMA
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AMS purpose is to perform high precision, high statistics, and 

log measurement of charged cosmic rays in .5GeV to 1.5 Tev

AMS 02 Launch Date : 16th May 2011 by NASA

400 km above the ground

3m*4m*6*m in volume

AMS Scientific Goals are :

• Search for cosmic matter

• Search for Dark matter signatures

• Measurment of cosmic ray spectra, relative abundances, 

and isotopes

• Search for new form of matter
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Alpha Magnetic Spectrometer (AMS 02)



a) The AMS-02 STK 9 layers
b)Real view of a silicon tracker inner plane

c) STK rigidity resolution for protons as estimated from the Monte Carlo simulation

d) Illustration of cellar automaton reconstruction

•Functions are Momentum P, Charge q, and Magnetic Rigidity Z= P/Z.

•It accurately reconstructs the charged particle trajectory traversing the apparatus.
•charge-sign can be determined with the complementary direction information from the TOF
•Working Principle

•Alignment
•Track Trajectory

Silicon Tracker (STK) & Magnet

(c)
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d) Illustration of cellar automaton 
reconstruction
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Track finding & Track fitting

• Identify and group measurements (hits) from same particle trajectory

• Estimating the trajectory of a particle using the hits

• Deep Learning (DL)
• Convolutional Neural Networks (CNNs) works Grid-like data (images)

• Recurrent Neural Networks (RNNs) deals with sequential data (Text, 

Time series)

Geometric Deep Learning (GDL)
Graph Neural network (GNN)is designed for data that can be represented 

as graphs (nodes connected by edges)

4
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Graph Neural Network (GNN) in Particle Tracking

• Colored curve are trajectory of a charged particle in 

cons B

• solid circles are hits by the particle

• Empty circles are noise hits not created by a 

reconstructible particle.



Thank You
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