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Breve descrizione dell’Attività Scientifica:
(Gruppo Fisica Teorica dei Sistemi Complessi)

- Applicazione di metodi di Machine Learning ed Optimal Control alla fisica dei fluidi complessi:

(Minimizzazione della Dispersione Lagrangiana; Ricostruzione Statistica di campi turbolenti; Navigazione autonoma ottimale di 
micronuotatori e particelle attive; Ricerca di sorgenti in flussi complessi, ecc.)

- Trasporto di contaminanti in turbolenza:

(Sviluppo di database open access; Studio teorico delle Hidden Symmetries, ecc.)

- Fluidi complessi in geometrie complesse alle micro- e nanoscale:

(Risposta viscoelastica di globuli rossi; Studio numerico sulla turbolenza nel cuore umano; Processi di accelerazione del plasma, 
ecc.)

- Studio della dinamica multiscala in sistemi geofisici:

(Sviluppo di nuove tecniche di corse-grainig su geometria sferica; Studio della circolazione oceanica, ecc.)

- Meccanica Statistica delle reti complesse ed applicazioni socio-economiche:

(metodi analitici e numerici per modelli Exponential Random Graphs, economic Complexity per lo studio della competitività 
scientifica dei paesi; reti di produzione; relazione causale tra dinamiche sociali e di mercato; ecc.)
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Generating turbulence   
trajectories with  
diffusion models

Pelusi, F., Scagliarini, A., Sbragaglia, M., Bernaschi, M., & Benzi, R. (2024). 
Physical Review Letters, 133(24), 244001.
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Breve descrizione dell’Attività Scientifica:
(Gruppo Fisica Teorica dei Sistemi Complessi)

Li, T., Biferale, L., Bonaccorso, F., Scarpolini, M. A., & Buzzicotti, M. (2024). 
Nature Machine Intelligence, 6(4), 393-403.

Open Science
-) Smart-Turb Data-Base

-) Lattice Boltzmann codes equipped with 
Lagrangian tracking of deformable droplets

Future:
-) AI-data driven tools for 3D Eulerian Turbulence reconstruction

-) Droplet statistics in complex turbulent flow 
(non Newtonian, buoyancy driven)

Data-driven Generation on turbulent data. Out-of-equilibrium dynamics of complex flows: 
(Droplets & emulsions)







Gruppo Fenomenologia del Modello Standard e ricerca di nuova Fisica

• G.M. de Divitiis (PA), R. Frezzotti (PO), A. Salvio (PA), N. Tantalo (PO) + L. Maio (AR) 



Precision Tests and Extensions of the Standard Model (SM) of Particle Physics

• SM very predictive – but incomplete: matter-antimatter asymmetry, ν-oscillations, dark matter, quantum 
gravity 

• SM works well at accessible scales: are deviations small because suppressed by high energy scales or by 
small couplings? 

• Precision tests of SM-theory vs experiments: lattice is crucial for ab-initio SM (muon g-2, CKM, rare 
processes)  

• Extensions of SM to include unexplained physics: extra particles in a field-theory framework can work

• Strong impact on nuclear physics, astrophysics, cosmology: e.g. strong phase transitions → gravitational 
waves  

• Interdisciplinarity: research work combining (thermal) Quantum Field Theory, analytical and Monte Carlo 
methods & parallel HPC  



Major recent (2019-today) results
122 articoli di cui 63 peer reviewed (5 PRL, 1 PhysRep, 5 invited reviews, etc.)
• Lattice QCD+QED predictions reveal tensions in experimental results about e+e- to hadron inclusive processes 

(and in WP2025 provide the reliable determination of the hadronic vacuum polarization term in the muon g-2!)

• Lattice QCD+QED predictions of leptonic and radiative decays enhance accuracy in CKM first row unitarity tests

• Lattice methods for hadronic spectral densities established and applied to R(e+e- → hadrons), decay of τ, Ds,…

• Lattice simulations of QCD (+QED) with large volume, realistic particle masses, access to time-like observables !  

• Study of 1st order phase transitions in well-motivated extensions of the SM with radiative symmetry breaking and 
their implications: observable effects at accelerators, gravitational waves, primordial black holes (as dark matter)

• Analysis of theories with more than 2 derivatives in the action to explore low-energy regimes in quantum gravity 
and consequent observable effects

• Particle-physics models of inflation: e.g. triggered by the Higgs or by a Goldstone boson 

a few brilliant young (postdoc, PhD) researchers formed in our ToV group in last 5 years



Future research

• Lattice study of the hadronic vacuum polarization term in muon g-2: 0.5% precision check of SM strong sector

• Lattice QCD+QED study of inclusive hadronic decays of  τ lepton: ab-initio high accuracy Vus, Vud

• Lattice QCD study of inclusive hadronic decay of  Bs (B) meson: precise determination of Vcb, Vub

• Lattice QCD study of matrix elements of the SM effective weak Hamiltonian: CP-violation & rare processes

• Feasibility study of non-perturbative lattice regularization for numerical simulation of chiral gauge theories: path 
towards non-perturbative foundation of SM and beyond; ab-initio electroweak phase transition, axion models ...  

• Development of thermal field theories with a general density matrix and their applications to rotating compact 
objects, e.g. neutron stars, black holes, etc. (synergies with the statistical mechanics group)

• Study of the validity of effective theories of quantum gravity in inflation (synergies with the string theory group).

involve people able to exploit new coding and supercomputing methods on largest GPU-based 
supercomputers 


