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1. Theoretical Nuclear Physics:
¢ Nuclear structure calculations with realistic potentials:
The Nuclear Theory group has a long-standing experience in nuclear structure
calculations performed through realistic potentials. More precisely, during last
years we have worked extensively on the problem of constructing effective shell-
model Hamiltonians and decay operators from realistic potentials within many-
body perturbation theory, and on their assessment for nuclear structure
calculations. Recently, our interest has been focused on two main aspects which
are strictly connected to these themes:

a. derivation of the effective shell-model Hamiltonian from chiral potentials
including three-body components;

b. derivation of effective shell-model decay operators to investigate the well-
known problem of the quenching of the axial coupling constant for
nuclear structure calculations of Gamow-Teller transitions.

e Study of electroweak decays
The search of neutrinoless double-beta (0vpp) decay is the key to improve our
knowledge of the properties of neutrinos and shed light on the limitations of the
Standard Model. The rate of this decay is ruled by both the unknown neutrino
effective mass and the nuclear matrix elements M® associated with the Ovpf
transition. M® cannot be measured, hence the success of the experimental
programs depends on their accurate theoretical prediction.
During last years, our group has pursued a microscopic framework to the
calculation of M® within the realistic shell-model, namely deriving effective shell-
model Hamiltonians and [(-decay operators from realistic nuclear forces. To
validate our approach, we have first calculated nuclear matrix elements M?" of the
two-neutrino double-beta (2vpp) decay for nuclei of current interest for
experimental collaborations - “Ca, 7°Ge, 8%Se, Mo, *°Te, and '**Xe - to test the
reliability of our predicted wave functions, then also M® have been calculated for
the same nuclei.
In a near future, we are going to approach this subject by employing many-body
meson-exchange currents that can be derived within the chiral perturbation
theory consistently with the starting nuclear Hamiltonian.

2. Quantum Computing:
Quantum computing has the potential to enhance computational efficiency beyond
classical approaches. Our research focuses on developing noise-resilient algorithms and
hybrid quantum-classical strategies tailored for realistic quantum devices.
e Nuclear many-body physics
We investigate quantum approaches to the eigenvalue problem of nuclear
Hamiltonians. Within the Equation of Motion Phonon Method (EMPM), we
reformulate the ground-state problem as a Quadratic Unconstrained Binary
Optimization (QUBO) task, paving the way for implementations on quantum
annealers.
¢ Quantum Machine Learning and Quantum Image Processing.
We develop hybrid architectures combining variational quantum circuits with
classical optimization. Our work includes edge detection based on a Quantum
Fuzzy Inference Engine and hybrid quantum-—classical lookup table strategies, as
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well as image classification models benchmarked against classical neural
networks. Results demonstrate comparable performance to state-of-the-art
classical methods while reducing quantum resource requirements, contributing
to the assessment of practical quantum advantage in real-world applications.

[Spazio per la descrizione: inserire qui una sintesi degli obiettivi scientifici, delle metodologie e
delle principali sfide affrontate dal gruppo. Max 1500 caratteri, per linea di ricerca. Max 3000
caratteri totali.]
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