Modern problems in Nuclear Physics
Annotation

The lectures are intended for students in master and bachelor degree in physics of atomic nuclei, particle physics and theoretical physics. Within the course the last directions of the nuclear structure studies are exposed, topical nuclear areas and the discovered in them collective and microscopic effects are showed. The contemporary theoretical approaches and the models on the description and the systematic of the atomic nuclei are showed.
1) The main areas in the map of nucleus. Microscopic and collective nucleus properties. The classic and modern nuclear models (overview).

2) Shell structure and nuclear deformations. Surface parameters and the stability of the shape. The vibrational and rotary motions. The complex nuclear shapes.

3) The structure and electromagnetic characteristics of the vibrational, rotational and transitional nuclear spectra.  High spin states. Backbending and staggering effects. 

4) Collective models in the nuclear structure.

5) Symmetries in the nuclear systems. The components from the groups theory. The properties to the angular moment of the nucleus. Elements of the angular moment theory. Rotational group О (3). Quantum rotor group SU (2).

6) The algebraic approaches to the nuclear structure. Concept of the dynamic symmetry. SU (3) Eliot's scheme.

7) The interacting Boson Model (IBM).U (6) dynamic symmetry. Rotational SU (3), vibrational U (5) and gamma soft O (6) limits. Limits of the model.

8) Collective nuclear properties and shell transitions.  Phase transitions between spherical, axial symmetric and thriaxial shapes.  Candidates for E (5) and X (5) symmetries.

9) Models with fermions degrees of freedom. Interacting boson-fermions model (IBMF). Models with fermions dynamic symmetry (FDSM). The assumption for the super symmetry of nuclear systems. 

10) Vector-boson model with broken SU (3)-symmetry. Interaction between rotational bands in framework of the split SU (3) multiplets. 
11) The complex-deformed nuclei. Violating of reflection symmetry. The band with alternatively parity changes. The octuple deformations. Tunneling and parity energy level shift.
12) Models for description of the quadrupole-octuple nuclear deformations. Quadrupole-octuple rotational model. The coherence interaction between quadropole and octuple degrees of the freedom.
13) The nuclear classification schemes. The classification of the even-even nuclei. The evolution of the collectivity.
14) Method of the quantum algebras in the nuclear structure, q-deformation. The model of SUq (2) – deformed rotor.

15) The modern aspects of the microscopic nuclear models. The application of the Hartree-Fock approximation Hartree-Fock-Bogoliubov approximation for description of the deformed nuclei and rotational spectra.
Nuclear Models
The level of the lectures is intended for students from the master's plans: nuclear physics and particle physics; theoretical and mathematical physics and also for PhD students in those disciplines of the physics. The aim of the course is to meet students with advanced nuclear models, used as description of the nuclear structure, to the nuclear fragmentation and heavy ion reactions, as well as for deciding such fundamental problems as reconstructing the violated symmetries.

1) The basic nuclear modeling concepts.
2) The electromagnetic moments and transitions in atomic nuclei.

3) The energy of excited nuclear systems. The shell-correction method.
4) General rotational model. The particle-plus-rotor model. Inertial moments 
5) General single-particle model, Hartree-Fock-Bogoliubov approximation (HFB).
6) The Cranking model. Self consistent approach. The inertial moments.
7) Geometric Collective Model (GCM).
8) Reconstruction of the violated symmetries.
9) Time-dependent Hartree-Fock method, adiabatic approach (TDHF-ATDHF). The description on the reactions with heavy ions. 

