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Photodisintegration of the Light Neutron-Rich Nuclei

(BT BRI O 558 US)

A soft dipole mode of the three-cluster nuclei *He and ''Li has been studied within the
microscopic cluster model on the basis of a generalized version of the Zero-range
approximation for nuclear forces. This version takes into account the slowly decreasing
asymptotic potential and the effect of the Pauli exclusion principle on the asymptotic
behavior of the relevant wave function, as well as the degeneracy of continuum states.

It turns out that the matrix elements for the electric dipole transitions from the ®He
ground state to 1° states above the threshold for three-body breakup receive the main
contribution from the wave functions in the far asymptotic region; which determines the
structure of the S-matrix for the 1° states. Versions of the potential that are close to
those that make it possible to reproduce the *He ground state are compatible with

the assumption that the above-threshold 1° resonance determining the character of the
soft dipole mode exists in the *He nuclear system. In the absence of resonances, the
squares of the E1 matrix elements peak in the region where the above-threshold energy
amounts to a few MeV. '

The energy and the wave function of the .”Li ground state, as well as the total effective
cross section for its electric-dipole photodisintegration, can be correctly reproduced by
treating the 'Li nucleus on the basis of the microscopic three-cluster model and by
using the approximation of the asymptotic potential in the form of a power-law function
of the hyperradius; for this, it is sufficient to retain only basis states associated with the
minimal grand-orbital values and allowed by the Pauli exclusion principle. The results
of the calculations performed without taking into account the spin-orbit interaction
suggest the existence of L™ =1" and L =2* (3" =3/2" and J =5/2" if the spin-orbit
interaction is taken into account) resonances of the ''Li nucleus in the low-energy
region extending up to 0.5 MeV.

By considering the example of *He photodisintegration, it was demonstrated that the
angular and energy distributions are completely determined by the wave function for the
final nuclear state -- more precisely, by the coefficients in the wave-function expansion
in allowed basis functions. Using hyperspherical functions, the differential cross section
for *He photodisintegration has been obtained as a function of the energies of the
product particles, the angles between their momenta, and their emission angles with
respect to the incident-photon momentum. The energy and angular distributions are
similar for different photon energies in the range of low photon energies. The *He
disintegration is most probably accompanied by the emission of the alpha particle and



valence neutrons in opposite directions in the plane orthogonal to the photon
momentum. In this case, the energies of all the three particles are equal to one another
and the alpha-particle energy attains its maximum possible value. The cross section is
minimal when two neutrons move in opposite directions and the alpha particle is at
rest.

These results are independent of the asymptotic-potential approximation used here.
Even beyond this approximation, one would arrive at the same conclusions because a
resort to a more precise potential would affect only the total cross section. However, the
form of energy and angular distributions is dictated by the use of the minimal
approximation of the hyperspherical-harmonic method. If hyperspherical harmonics of
higher grand orbitals X were included, the energy and angular distributions of final
particles would be somewhat different. "
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