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relativistic consistent angular-momentum projected shell-model

The ( ReCAPS)

developed recently is a self-consistent model and has stable parameters for various nuclei. The
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1 Introduction

The ReCAPS was proposed in Refs. [1, 27]. In
this paper, we just give the basic idea. The relati-
vistic mean field(RMF)® % model is a mean field
model with interactions induced by exchanging
mesons between nucleons. The RMF model can
describe the properties of ground states of nuclei
well. It can give proper binding energies, r. m. s
radii, single nucleon orbits. It can also give spin-
orbit coupling and deformations of nuclei automati-
cally. The RMF has a self-consistent calculation
and its parameters change little for different
nuclei. It is believed to be a good model to study
extreme nuclei, about which we know little. How-
ever the usual RMF calculation can not give infor-
mation about excited states of nuclei. The ground
states with deformations have not good angular
momentum quantum The
ReCAPS model combines the RMF model and the

angular momentum projection(AMP) with appro-

numbers, either.
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priate assumption and approximation. It can de-
scribe both ground states and excited states of de-
formed nuclei well. The AMP approach was used
in the projected shell model(PSM) at the earliest.
This model was developed by K. Hara and Y.
Sun, et al®”. They applied the AMP approach in
the well known Nilsson model. After AMP, the
physical states with certain angular momentum
numbers can be got from the Nilsson Hamiltonian
and deformed wave functions. Because the PSM
calculation is based on deformed wave functions, a
small configuration space may be adopted and the
calculation can be reduced greatly if proper deform-
ation parameters are selected, while Shell Model
has to take a huge amount of calculation in a very

Small

spaces and calculations are the most remarkable

large configuration space. configuration
advantages of the PSM. However, deformation pa-
rameters have to be given by hand. Because the

RMF calculation can give the deformations auto-
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matically, the ReCAPS needs no deformation pa-
rameter and can provide abundant information
about nuclei with unknown deformations, especial-
ly for exotic nuclei. Unlike the RMF, the ReCAPS
can provide information about not only ground
states, but also a great deal of rotated excited
states. More information will be helpful to study
exotic nuclei, because we can get more details

about the structures of them through levels and

electromagnetic transitions.

2 Results for Stable Nuclei **Ne, '""Yb
and >*U

Calculations for various nuclei have shown
that the ReCAPS can well describe the properties

of even-even deformed nuclei from light to heavy
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nuclei. All the calculations used the same RMF pa-
rameters and only the strength of pairing needs to
be adjusted slightly for different nuclei. As an ex-
ample, the results of **Ne, " Yb and **U, which
are deformed light, medium and heavy nuclei re-
spectively, are shown . The energy levels and elec-
tromagnetic transitions B(E2) of the ground bands
are shown in Figs. 1, 2 and 3. The comparisons
between calculation and experiment’™ are given,
too. The comparisons show that the calculated re-
sults agree with the experiment data very well.
The calculations indicate that the calculated struc-
tures of the three nuclei are reliable and they have
quadrupole deformations 8, = 0. 54, 0. 31 and 0. 29
respectively, which are given automatically in the

calculations.

2Ne

Fig. 1 The comparison between calculation and experiment for * Ne.
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Fig. 2 The comparison between calculation and experiment for ' Yb.
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Fig. 3 The comparison between calculation and experiment for U,

3 Predictions for Nuclei Far from the
Stability Line

The ReCAPS uses the stable parameters in the
model, and thus it has predicting power. For this
purpose, ""Be and super heavy nuclei “*112 and

20714 are calculated and the results are shown in

Figs. 4, 5 and 6. We have known little at present
experimentally about the three nuclei because they
are all exotic nuclei far from B stable line and are
very unstable. The ReCAPS result shows that they
have deformations with 8, = 0. 54, 0. 17 and 0. 11
respectively. Some low-lying energy levels and

transitions are shown in the figures, too. Band
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Fig. 4 The calculated levels and transitions of '* Be.
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Fig.5 The calculated levels and transitions of the nuclide **112.
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Fig. 6 The calculated levels and transitions of the nuclide *°114.

crossing and band bending can even be found
through the transition data in the two super heavy
nuclei. These nuclei may be obtained at an excited
states experimentally. It will be interesting to test

these calculations experimentally.
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