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The nucleus 8Be is unbound at an energy slightly above
that of two 4He nuclei. As one finds in the cross section
of 4He - 4He scattering very sharp resonances that form a
rotational band it is generally believed that 8Be is a nu-
clear molecule rather than a p-shell nucleus with 4 nucleons
in the p3/2 shell. In order to test the correlated interac-
tion that we derived from the realistic Bonn-A Potential
[1,2] we treated this nucleus in a multiconfiguration cal-
culation using Fermionic Molecular Dynamics (FMD) [3]
many-body states.

The effective Hamiltonian Heff consists of the corre-
lated Bonn-A potential Ĥ = C†HC minus the center of
mass kinetic energy plus a small momentum dependent
correction Vcorr that is supposed to correct for missing
three-body parts in the correlated Hamiltonian as well as
genuine three-body forces. Its parameters have been ad-
justed to reproduce the ground state energies and radii of
4He, 16O and 40Ca.

First the energy
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spect to all FMD parameters of the single-particle states
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The one-body density distribution of the resulting eight-
particle state
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is depicted in Fig. 1 (shape in upper
right corner). As expected the intrinsic state of 8Be con-
sists of two loosely connected 4He nuclei. The intrinsic
energy
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is -45.6 MeV (see also Fig. 2).
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Figure 1: One-body density of collective vibrational exci-
tations at four different elongations. (Cut at z = 0, unit
ρ0 = 0.17fm−3). Upper right shape depicts intrinsic state.
Other three shapes are obtained by minimizing energy un-
der constraints on rms-radius.

Like an atomic dimer 8Be is able to rotate and vibrate.
The first collective motion results in a rotational spectrum
with level spacings reflecting the moment of inertia. In or-
der to test this property we take the intrinsic state
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and create 128 many-body-states
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by rotations into
randomly chosen directions in three-dimensional space.
This nonorthorgonal set spans a subspace of the Hilbert
space in which we diagonalize the Hamiltonian:
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Figure 2: Level scheme of 8Be: intrinsic energy
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; eigenvalues of Heff in space of 128 rotated
intrinsic states; in space spanned by the four representa-
tives of vibrations depicted in Fig. 1, each rotated 128
times; experiment (units in MeV)

The resulting lowest eigenvalues Eα belonging to states
with spin 0+, 2+ and 4+ are indicated in the second col-
umn of Fig. 2. If the system were a rigid rotor the ratio
of the transition energies 4+ → 2+ to 2+ → 0+ should
be 3 instead of the obtained 2.7. One expects it to be
even smaller because the moment of inertia increases with
higher angular momentum, the system getting stretched
under the influence of the centrifugal forces.

When we include vibrational collective degrees of free-
dom by means of one squeezed and two stretched config-
urations, as depicted in Fig. 1, all of them rotated in
128 directions, we obtain as eigenvalues of the correlated
Hamiltonian the spectrum in the third column with a ratio
of 2.3, that compares nicely with the measured energies.

This result indicates that, both macroscopic properties,
the moment of inertia and the strength of the force between
the two 4He nuclei are described well by the central and
tensor correlated Bonn potential.
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