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Helium and Beryllium isotopes are studied in the Fermionic Molecular Dynamics model. No
a priori assumptions are made with respect to cluster structure or single-particle energies. An
effective interaction based on the Argonne V18 interaction is used for all nuclei. Short-range
central and tensor correlations are treated explicitly using a unitary correlation operator. Mul-
ticonfiguration calculations using the dipole and quadrupole moments as generator coordinates
are able to describe the experimental binding energies and matter radii. The evolution of the
cluster structure and the single-particle structure with increasing neutron number is discussed.

1. FERMIONIC MOLECULAR DYNAMICS

TheA-body basis states in Fermionic Molecular Dynamics (FMD) [ 1] are parity and angular
momentum projected Slater determinants|Q 〉

|QJπ
MK 〉 = PJπ

MK |Q 〉 , (1)

of single particle states| qi 〉

|Q 〉 = A
{

| q1 〉 ⊗ . . . ⊗ | qA 〉

}

. (2)

The single-particle wave functions are described by Gaussian wave packets which are localized
in phase-space

〈 x | q 〉 =
∑

i

ci exp
{

−
(x − bi)2

2ai

}

| χi 〉 ⊗ | ξ 〉 . (3)

In contrast to the AMD approach [ 2] where the width parametera is common to all wave pack-
ets FMD treats the width parameter as a complex variational parameter that can be different for
each wave packet. Also the spins| χ 〉 of each wave packet are treated as variational parameters.
A superposition of two Gaussian wave packets is used for eachsingle-particle state| qi 〉.

The FMD many-particle state is determined by minimizing theintrinsic energy of the parity
projected Slater determinant

E [|Qπ 〉] =
〈Qπ |Heff − Tcm |Qπ 〉

〈Qπ |Qπ 〉
(4)
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with respect to the parameters of all single-particle states. After the minimization the many-
particle state is projected on angular momentum. The correlation energy obtained by the projec-
tion can be very large for the often deformed and clustered nuclei in thep-shell. We therefore
improve this projection after variation procedure (PAVπ) by implementing a projection after
variation (VAP) procedure in the sense of the generator coordinate method (GCM). We mini-
mize the energy of the Slater determinants under additionalconstraints on collective variables
like radius, dipole, quadrupole or octupole moments. The VAP minimum can then be found
by minimizing the projected energies with respect to the constraints. A further improvement is
achieved by diagonalising the Hamiltonian in a set of many-body states. This allows to study
also excited states.

2. EFFECTIVE INTERACTION

For our calculations we use an effective interaction that is derived from the realistic Ar-
gonne V18 interaction by means of the Unitary Correlation Operator Method (UCOM) [ 3, 4, 5].
The correlated interaction includes the short-range central and tensor correlations induced by
the repulsive core and the tensor force. The correlated interaction no longer connects to high
momenta and can be used directly with the simple many-body states of a Hartree-Fock or FMD
approach. The contributions of three-body correlations and genuine three-body forces are sim-
ulated by an additional two-body correction term. This correction term consists of a central
momentum dependent part that is adjusted to fix the saturation properties by fitting to the bind-
ing energies and radii of4He, 16O, 40Ca and a isospin dependent spin-orbit term that is fitted to
the binding energies of24O, 34Si and48Ca. The correction term used in this paper differs slightly
from the one in [ 5], as16O and40Ca are considered as tetrahedralα-cluster states that are about
5 MeV lower in energy after angular momentum projection thanthe spherical trial states. In
total the correction term contributes about 15% to the potential energy.

3. HELIUM ISOTOPES

Fig. 1 shows the intrinsic states obtained by minimizing theenergy of the Helium isotopes.
In all nuclei a dipole deformation caused by a displacement of the neutrons against theα-
core is found. In6He the configuration with two neutrons on the same side of the core is
preferred to configurations with the two neutrons located atopposite sides of the core. In8He
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Figure 1. Intrinsic shapes of Helium isotopes corresponding to the variation after parity pro-
jection minima. Shown are cuts through the nucleon density calculated with the intrinsic state
before parity projection. Densities are given in units of nuclear matter densityρ0 = 0.17fm−3.
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Figure 2. Binding energies and matter radii for the Helium isotopes. Results are given for the
PAVπ and the Multiconfig calculations. Experimental matter radii are taken from [ 6].

one approaches thep3/2 neutron shell closure with an almost spherical neutron distribution.
In Fig. 2 the binding energies and matter radii obtained after angular momentum projection
(PAVπ) are compared to the experimental binding energies and radii. To improve the many-body
states we create additional configurations using the dipolemoment as a generator coordinate.
The multiconfiguration calculations reproduce the experimental binding energies and radii very
well. This illustrates the importance of the soft-dipole mode, that is realized in the form of
groundstate correlations, for the understanding of the borromean nature of6He and8He.

4. BERYLLIUM ISOTOPES

In Fig. 3 the intrinsic shapes of the Beryllium isotopes are shown. For7Be and8Be pro-
nounced cluster structures can be seen and we find a strong admixture with Brink cluster wave
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Figure 3. Intrinsic shapes of Beryllium
isotopes. In case of11Be the shape of
the positive parity state is shown.
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Figure 4. Energies and matter radii of Beryllium Isotopes. Sofar multiconfiguration calcula-
tions have only been done for7Be,8Be and9Be.

functions. In the heaver isotopes theα cluster structure survives but is modified by the addi-
tional neutrons. In9Be and10Be the additional neutrons seem to occupy thep3/2 single-particle
states. In experiment a parity inversion in11Be is observed. Thed5/2 single-particle states are
coming down in energy and the 1/2+ groundstate is almost degenerate with the 1/2− excited
state. In the FMD PAVπ calculations we find the 1/2+ state to be 1.5 MeV higher in energy than
the 1/2− state (see Fig. 4). The matter radius of the 1/2+ state is in good agreement with the
experimental value. It has to be checked whether the level ordering will change in the multi-
configuration calculation. For the heavier12Be, 13Be and14Be nuclei thed5/2 and also the 1s1/2

single-particle states seem to be important. The general behaviour of12Be being bound,13Be
being unbound and14Be being bound again as well as the matter radii are well reproduced.
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