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Properties of operators and functions defined in the Fock--Bargmann space are analyzed
with the purpose of application in microscopic calculations of light nuclear systems.
The modified Brink--Bloch orbital is the kernel of integral transformation to and from
the Fock--Bargmann space. The density matrix and probability distributions are
analyzed for simple few-body systems.

The trajectories of wave packets moving in the phase space, obtained by solving the
classical equations are compared with the quantum probability distributions to
determine the limits of applicability of the former method. Quantum corrections to the
equations due to the antisymmetrization lead to the appearance of an effective potential,
but the results do not necessarily approximate the quantum solutions in the case of low
energy and momenta. Other effects, such as the spreading of the wave packets with
time, are needed to be taken into account. It is shown that misleading results may appear
in the case of weakly bound systems.

Application of the Algebraic Version of the Resonating-Group Method (AV RGM) to
the systems with an open p-shell is considered. The non-sphericity of clusters is
described with the use of labels of irreducible representations of the SU(3) group as

. quantum numbers. The nuclei 9Li and 10Be are described within the leading SU(3)
representation. Correct ordering of spectral levels is obtained.

A method of analytical SU(3) projection of the norm and Hamiltonian generating matrix
elements is developed and applied to core+n systems. The method effectively resolves
the problem of SU(3) multiplicity and does not use the coupling coefficients. The Pauli-
allowed basis functions for these systems are constructed and normalized. They are
obtained in the compact vector representation with the use of an original code for
computer algebra calculations.

The Algebraic Version of the Resonating Group Method make the phase space variables
follow the quantum mechanical equations of motion. It has been applied to the two- and
three-cluster systems where all the constituent clusters exhibit the SU(3) symmetry
(0,0), such as the alpha-clusters or separate nucleons. However, due to the new
experimental results of the last decade, the interest is shifted towards more exotic
nuclei, where the clusters are p-shell nuclei. In this work, the theoretical framework of
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the AV RGM is extended to the case of binary systems where one of the clusters, or
both of them, have their p-shell partially filled. It required the introduction of additional
degrees of freedom (internal cluster vectors) and classification of basis

states according to the indices of irreducible representations of the SU(3) group. The
method of calculation the norm and interaction overlaps (kernels) and the forthcoming
SU(3) projection is completely analytical and does not require the knowledge of the
SU(3) Clebsch--Gordan coefficients. It uses the explicit form of the Casimir operator
expressed in terms of the variables of the Fock—Bargmann space.

For a range of nuclear systems, the norm overlaps, Pauli-allowed basis functions and
matrix elements were found and presented in an analytical form, setting a background
for future systematic numerical calculations.

The analytical derivations were in part produced using an original code developed by
- the author for computer-algebraic calculations in the Fock--Bargmann space.

The proposed algorithm is applicable to microscopic studies of few-cluster systems,
including the unstable nuclei.
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