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In light neutron-excess systems, many kinds of molecular structures are discussed from the view
point of the clustering phenomena. In particular, much attention has been concentrated on Be
isotopes. The molecular orbital (MO) around the 8Be (=α+α) core, such as π

− and σ
+ associated

with the covalent binding of atomic molecules, have been shown to give a good description for the
low-lying states of these isotopes [1]. In their highly-excited states, furthermore, recent experiments
revealed the existence of the interesting resonant states which dominantly decay to the 6,8He
fragments [2]. In this report, we show the unified study of the exotic cluster structures of even Be
isotopes (=α+α+XN , X=2,4,6,8) from bound states to continuum.
We applied the generalized two-center cluster model (GTCM), in which the formations of various
chemical bonding structures, such as covalent MOs and the atomic orbital (AO) configurations
with xHe+yHe, can be described in a unified manner [3,4]. Due to the consistent treatment of
chemical bonding structures, this model can also describe the nuclear reactions from AOs to MOs,
which are observed in continuum above particle-decay thresholds [4]. First, we solved the bound
state problem, and discrete energy levels are obtained. Next, we solved the scattering problem of
collisions of two He-nuclei and identified resonance states in continuum.
In the bound states of 10,12,14Be, two 0+ states appear with a close energy spacing, say about 6 MeV
for 10,14Be and 2 MeV for 12Be. The results of 10,12Be nicely reproduce the recent observations,
and such the small energy difference is difficult to explain in recent ab-initio calculations based on
the one center mean-field.
On the contrary, in the resonant states, we found that the He cluster structures are well-developed.
The wave function of the relative motion of two He-nuclei has a large amplitude at the distance
of two touching He nuclei and hence, these resonances have the similar structures to the so-called
“molecular resonances (MRs)” of He nuclei. The MR states of the He nuclei are realized as a result
of the excitation of the relative motion of two α cores in the low-lying bound states.
Recently, we extended the similar calculations to the heavier systems, such as 18O and 28Ne. In
the extended studies, we discuss the possibility of the observation of the MR states above the α

decay threshold. In this report, we will show the wide variety of the structural changes from the
MO states to the MR states and its possibility of the observations in neutron excess systems.

[1] N. Itagaki et al., Phys. Rev. C62, 034301 (2000), and references therein.
[2] M. Freer et al., Phys. Rev. Lett.82, 1383 (1999) ; Phys. Rev. C63, 034301 (2001).
[3] Makoto Ito, Phys. Lett. B 636, 293(2006); ibid, Mod. Phys. Lett. A 21, 2429 (2006).
[4] M. Ito et al., Phys. Rev. Lett. 100, 182502 (2008); ibid, Phy. Rev. Focus 22, Story 4 (2008).

APPC12  The 12th Asia Pacific Physics Conference

― 185 ―

B2-2-O4


