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Rezumat:  

Proiectul isi propune o cercetare fundamentala in domeniile interactiilor fundamentale (IF) si geometrodinamicii (GEOM) care se inscrie in aria tematica 11, orientata pe trei directii, urmarind dobandirea de cunostinte avansate in fizica.


Prima directie este axata pe fizica interactiilor tari ale particulelor, una din cele patru interactii fundamentale din natura. Vor fi abordate probleme de interes actual privind interfata dintre teoria renormarii perturbative a cromodinamicii cuantice si metodele neperturbative, bazate pe gradele de libertate hadronice. Se vor investiga interactiile bosonilor Goldstone pseudoscalari corelati cu incalcarea spontana a simetriei chirale in cromodinamica cuantica, structura hadronilor ca stari legate si influenta interactiilor tari asupra proceselor electroslabe hadronice, care permit determinarea cu precizie a parametrilor modelului standard al particulelor.

Cea de-a doua directie va aborda probleme de fizica matematica implicate in studiul teoriei interactiilor fundamentale. In acest context vor fi analizate problemele substituirii unui set generic de constrangeri de clasa II reductibile (neindependente) cu un set de constrangeri de clasa II ireductibile (independente) pe un spatiu al fazelor mai larg, constructia parantezei Dirac generata de constrangerile ireductibile de clasa II, precum si stabilirea echivalentei dintre teoria reductibila si cea ireductibila asociata. Echivalenta mentionata anterior permite utilizarea teoriei ireductibile in locul celei reductibile. Rezolvarea problemelor propuse ar putea conduce la o abordare riguroasa si in acelasi timp simplificatoare a cuantificarii teoriei corzilor si brane-urilor si, in consecinta, ar fi un prim pas important spre o descriere unificata a interactiilor fundamentale.
Cea de-a treia directie (geometrodinamica) va investiga teorii ale gravitatiei in dimensiuni joase ca un substitut lucrativ al problemelor dificile din relativitatea generala si teoria cuantica a campurilor pe spatii curbate in dimensiuni inalte (d>4). Vom elabora modele credibile in dimensiuni joase, relevante pentru fizica gaurilor negre, cosmologie, corzi si brane-uri. Ca un instrument geometric, ecuatiile de flux Ricci vor fi folosite in studiul unor proprietati ale gaurilor negre, masa si entropia unor obiecte semnificative in cosmologie, singularitatile spatio-temporale. Va fi abordata problema geometrodinamicii hipersuprafetelor 3-dimensionale din puctul de vedere al fluxurilor Ricci si al ecuatiilor dinamice ale relativitatii numerice in vederea realizarii unor simulari si vizualizari numerice. Se va studia problema aparitiei de singularitati de tip "strangulare" (neck-pinching) la deformarea acestor hipersuprafete cu flux Ricci. Se vor studia geometrii discrete in teoria campului – in particular a campului gravitational – pe spatii de dimensiuni joase.

ETAPELE PROIECTULUI SI DATELE DE PREDARE 
1. Abordari perturbative si neperturbative in teoria interactiilor tari (15.12.2006)
2. Modele de clasa II reductibile de ordinul doi (30.06.2007)
3. Simulari numerice de geometrodinamica cu fluxuri Ricci (31.01.2008)
4. Modele pentru interactia gravitationala in dimensiuni joase si geometrii discrete in teoria campurilor (15.06.2008)
5. Teorii de camp supuse la constrangeri de clasa II reductibile de ordinul n (15.12.2008)   
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This project proposes the development of fundamental research in the domains Fundamental Interactions (FI) and Geometrodynamics (GEOM), subscribing to the thematic field 11 and being focused on three main directions, pursuing the achievement of advanced knowledge in Physics.



The first direction is devoted to the physics of strong interactions, one of the four fundamental interactions in nature. Problems of recent interest concerning the interface between the theory of perturbative renormalization of Quantum Chromodynamics (QCD) and the nonperturbative methods, based on the hadronic degrees of freedom, will be investigated. We will study the interactions of the Goldstone pseudoscalar bosons related to the spontaneous breakdown of chiral symmetry in QCD, the structure and the spectroscopy of hadrons as bound states, and the influence of the strong interactions on the hadronic electroweak processes which allow the accurate determination of the parameters of the Standard Model of particles.


The second direction will approach some problems from mathematical physics implied in the study of fundamental interactions. In this context the following matters will be analyzed: the substitution of a generic set of reducible (non-independent) second-class constraints with a set of irreducible (independent) system of second-class constraints on a larger phase-space, the construction of the Dirac bracket generated by the irreducible second-class constraints, as well as the proof of the equivalence between the initial reducible theory and the associated irreducible one. Finding solutions to these problems might lead to a rigorous and in the meantime simplifying approach to the quantization of string and brane theories, and consequently would represent an important first step towards a unified description of fundamental interactions.

The third direction (geometrodynamics) will investigate theories of gravity in lower dimensions as the most immediate lucrative substitute of the difficult problems of general relativity and quantum field theories on curved space-times in higher dimensions (d>4). We shall elaborate reliable models in lower dimensions relevant for black holes, cosmology, strings and branes. As a natural geometric tool, Ricci flow equations will be used to study properties of black holes, mass and entropy of meaningful cosmological objects, singularities of space-times. The problem of 3-dimensional hypersurfaces geometrodynamics in view of the Ricci flows and dynamical equations of numerical relativity will be studied. The purpose is to produce simulations and visualizations with Ricci flows. There will be studied the problem of neck-pinching generation as singularities during the deformation of these hypersurfaces under Ricci flow. Discrete geometries will be studied in the context of field theory – in particular of the gravitational field – in space-times of dimensions less than 4.

SCHEDULE AND REPORT DEADLINES
1. Perturbative and non-perturbative approaches in the theory of strong interactions (15.12.2006)
2. Second-order reducible second-class models (30.06.2007)
3. Numerical simulations in the  geometrodynamics with Ricci flows (31.01.2008)
4. Models for gravitational interaction in lower dimension and discrete geometries in field theory (15.06.2008)
5. Field theories subject to n-order reducible second-class constraints (15.12.2008)  
