Microscopic coupled-channel study of molecular resonances in ?Be
M. Ito, K. Kato, Y. Sakuragi®, E. Hiyama® and M. Kamimura®

Graduate School of Science, Hokkaido Uniwversity, Sapporo 060-0810, Japan
% Department of Physics, Osaka City University, Osaka 558-8585, Japan
bInstitute for Particle and Nuclear Studies, KEK 305-0801 Tsukuba, Japan
¢ Department of Physics, Kyushu University 812-8581 Fukuoka, Japan

Recently, the breakup experiment of ?Be
into ®He+%He has been performed using a (o) (o)
378 MeV !2Be beam [1]. The results indicate
the existence of the exotic SHe+5He molecular
states in the 10 to 25 MeV excitation energy
interval, with spins in the range of 4A to 8h.

In order to investigate the nuclear structure
of these exotic molecular states in '2Be, we
perform a microscopic coupled-channel (CC)
calculation of ®He+%He elastic and inelastic
scattering. We use the double-folding inter-
actions based on the realistic nucleon-nucleon
interaction, DDM3Y. In the present CC calcu-
lation, we take into account the excitation to
the 21 state (Ex=1.8 MeV) and the 2 state
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sity to the Qil- state is calculated by the micro- Fig. 1. Molecular bands of the “He+"He system ob-

scopic 4He+n+n cluster-model wave function tained by CC calculation. The solid squares in

[2], while that to the 23 one is done by the col-
lective model assuming the quadrupole defor-
mation [3]. The strength of the latter density
is determined so as to reproduce the energy-non-weighted sum rule value of the soft-quadrupole
mode from which the theoretical B(E2:0% —27) value is subtracted [4].

We include the elastic (0740%) channel and the 0++2T, QT—I—QT, 0"‘%—2'2+ inelastic-channels
in the CC calculation. In Fig.1, we show the ®He+%He molecular bands obtained by solving
the CC equations. The double circles and squares show the bands in which the dominant
component is the elastic and [0+®21|-][=2’L=J_2 channels, respectively, while the bands shown
by the inverse triangles, circles, diamonds and double squares have the dominant component of
the [0% @28 J7=2,n=7-2, [2F @2 114, p=7-2, [2] ©2F 124 1=7—4 and [2F @2} ]/=2 =72, channels,
respectively. The resonances observed in the breakup-reaction experiment are also plotted in the
figure by the solid squares. It is seen that the observed resonances coincide in energy and spin
with the calculated resonances belonging to the molecular bands in which the inelastic-channel
components are dominant. The channel coupling effects are not so strong for the inelastic
channels and the populations of the dominant channel component are less than about 60~80 %.
Therefore, the calculated molecular bands of the inelastic channels can be interpreted in terms
of the so-called “weak coupling states” in which two interacting ®He nuclei keep touching their
surfaces and rotate to each other by almost keeping their identities.

parentheses represent the spin unknown states ob-
served in breakup experiment [1]. See text for
details about each molecular band.
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