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Attività di ricerca

• Proprietà non-perturbative della QCD: confinamento del colore, simmetrie chirali,

proprietà topologiche, etc.

• Proprietà delle interazioni forti in condizioni estreme: diagramma di fase della

QCD, QCD in campi esterni.

• Simulazioni numeriche e teorie efficaci.

• Connessioni fenomenologiche: collisioni fra ioni pesanti, scattering adrone-adrone,

transizione di QCD cosmologica, fenomenologia dell’assione.

• Connessioni tecnologiche: sviluppo di codici su architetture parallele standard ed

ibride (CPU+GPU o altro), exascale (legame con progetto HPC-HTC, CIPE).
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Attività prevista 2020

• We plan to continue our study about the so-called θ dependence in pure-gauge

theories and in full QCD, extending our results to temperatures close to 1 GeV, by

means of numerical simulations with lattice spacings smaller than 0.04 fm.

• We plan to continue to study (by lattice QCD simulations) how the Quark-Gluon

Plasma is influenced by a magnetic background field (which is expected to play a

relevant role, especially in the framework of noncentral heavy-ion collisions).

• We will study the nonperturbative properties of Yang-Mills theories with a com-

pactified direction and a trace deformation added to the action which prevents the

breaking of the center symmetry, in order to verify how close their properties are

to those of standard confining Yang-Mills theories.

• We will continue our numerical study of the so-called Causal Dynamical Triangu-

lations (an approach to quantum gravity on a discretized space-time).

• We plan to extend our study of the QCD flux tubes, considering in particular the

breaking of the flux that takes place in pure-gauge theories with static charges in

the adjoint representation.



• The topological properties of the QCD vacuum (and their relationships with chi-

ral symmetries) will be also investigated at finite temperature by means of Chiral

Effective Lagrangians with the inclusion of the axion field.

• We plan to undertake a detailed study of some particular U(1) axial condensates

of the QCD vacuum in terms of the spectral density of the Euclidean Dirac oper-

ator and (at finite temperature) by means of the so-called “dilute instanton gas

approximation”.

• Importance sampling of actions with a sign problem has become one of the hard-

est problems in lattice field theory and statistical mechanics. We are studying it for

the 2D nonlinear sigma O(n) models by dualization. We are planning to extend

the present “technology” to the so far elusive O(3) model with a θ term.

• At the same time, we will continue our study regarding the topological properties

of CPN−1 models, considering in particular their approach to the large-N limit.

• The study of nanoparticles’ ensembles has relevant technological impacts. We are

planning to continue the study of the physical and thermodynamical properties of

such systems with arrays of nanoparticles (not random packed) with or without

defects, including also the texturation.
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