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and the A+-resonance. Each of them consists of the same set of quarks (uud), but differs from each
other only by that that one of the quarks of this set has the spin and isospin which are flipped Sp = Tp=
l/2,SA

+= r / = 3/2.
The question about the collective excitations of a nucleus, connected with manifestation of

A-isobar degrees of freedom, is rather complicated. Let us firstly mention that the A-isobar degrees
of freedom are closely connected to those of 7i-meson. The A-isobar in a nucleus is excited as a
result of the manifold and various processes, brought about by the initial 7i-mesons (strictly
speaking, not only); its formation is closely related to the pion exchange currents, and the meson
decay channel is accompanied by an emission of 7i-mesons. The quasi-particle of a type of A-hole
excitation with the quantum numbers of a pion is sometimes called "quasi-pion".

Due to the strong interaction with the nucleons and pions of a nucleus, the nuclear A-isobar
by its properties can and must differ from the free one. Formally this difference brings the
changes of only several parameters: the position of A-maximum on the energy scale, its width and
height (calculated for one nucleon) and some peculiarities of decay. But there are much more
possible reasons which can cause these changes. Among them, there exist necessarily the trivial
effects, which are of the nuclear origin and rather evident, as well as non-trivial collective effects
which should be tried to discover at the background of the evident ones. As an example of non-
trivial effects, the renormalization of the vertex of A-isobar production, an excitation of the virtual
pion field, a collective excitation of a nucleus, connected with the movement of a A-isobar in its
volume and etc. can be given.

The investigation of production of A-isobars in hadron-nucleon collisions leads to the width
of F = (115+5) MeV. In the nucleus-nucleus (CC) collisions, we obtained the diminishing of the
width of A-isobar (70 ±7) MeV, pointing out the substantial growth of the life-time of A-isobar in
a nucleus. This fact can be explained probably by an influence of the nuclear potential leading to
the diminishing of an effective mass of a A-isobar due to the binding energy. This leads to an
increase of the decay time, i.e. to the observed narrowing of the width. The observed decay time
is determined by the time of flight of a A-isobar through the potential sphere of the fragmenting
nucleus. Therefore it is necessary for the more justified conclusion to study the production of A-
isobars in interactions of hadrons with heavy nuclei.
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The correlation of collective and clustering motions of nucleons in spherical and weak
deformational heavy nuclear by the clustering boson model U(6)®U(4) is investigated. If
fragments of the nucleus are spherical or weak deformational, the group redaction takes place

U(6)®U(4) D U(5)® U(3) D 0(5)®Op(3) D O/3)®O f(3) D 0(3) . (1)

The group reduction (1) corresponds to vibrational limit of the clustering boson model
U(6)®U(4). The solving of the group reduction (1) are marked as
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p "Xp,Lp;d
 d,Xd,Ld;I,M) by computational methods. When p-boson number is equal to

one, the solving of the problem has the analytical form

,Ld=2Nd) + sp + Nd(2Ld +1)£ (2 J + 1)X,
ud •<• *• ^d

1 1 J
They are calculated by means of transition probabilities B(E2) and B(E1)

i,-2 2 Ly (2)

The comparison of theoretical calculations with experimental data for atomic nuclei Ra(A=218,
220, 222) and Th(A=220, 222) gives the satisfactory agreement. The model predicts correctly the
structure of nuclear states and transition probabilities B(E1), B(E2).
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In this work for investigation of correlation of collective and clustering motions of nucleons
in deformational nuclei the clustering boson model U(6) ® U(4) is used, including quadrupole,
dipole and the interrelation of quadrupole and dipole degrees of freedom. The rotational limit of
the group U(6)® U(4) is formed in the following way

U(6) ® U(4) 3 SUd(3) ® Up(3) => SUd(3) ® SUp(3) 3 577(3) r> 0(3) . (1)

Representations of group (1) determine quantum numbers of nuclear states:
N = N] +N2,(A,ju)d,Np>(A,ju)p,(/l,ju\IiM,K. Eigenvalues of the Hamiltonian for the group
reduction (1) has the following form

E = spNp+apC(Zp,Mp) + kdC(Ad>Md) + kCU,M) + k'I(I + ]), (2)
where C{X,/S) is the quadratic Casimir operator of SU(3) group

C(A,M) = £+112+AM + XA+M)- (3)
For practical calculations it is necessary the correlation of dipole states (/lp,0) with the

quadrupole states of the (Ad,/ud) representation of the SUd(S) group. In this case the eigenvalues
of Hamiltonian are given by

E = spNp+aNp(Np+3) + kdC(Ad,Md) + kC(l,M) + k'I(I + l). (4)

Quantum numbers X and /J. are determined by Yang's rule. With the help of group methods
transition probabilities B(E2) are calculated. The comparison of theoretical calculations with
experimental dates of following nuclei Ra(A=224, 226, 228, 230), Th(A=224, 226, 228, 230,
232), U(A=230, 232, 234, 236, 238) and Pu(A=238, 240,242) gives the satisfactory agreement.
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