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In the study of nuclear structure one tries to find
a small number of important degrees of freedom which are respon-
sible for the features of low-lying spectra. One rather succes-
sful but expensive model for light nuclei is the complete diago-
nalization in a small model spacel)where the effects of the rast
of the space are approximately included in the effective inter-
action. The degrees of freedom refer to a small number of valen-
ce nucleons (typically 2-12) moving in a small single-particle
space (typically 3 subshells). These valence nucleon are sup-
posed to be responsible for the main features of several low-
-=lying levels.

Our aim is to describe several levels with much
fewer degrees of freedom. In the generator coordinate method
(GCM)Q’ﬂ we take for lower 1d2s nuclei two degrees of freedom -
the quadrupole deformation B8 and the parameter u. They are
defined by means of the Nilsson-like single-particle field

h(B,u) = huw, %’(— V2 +1x ) + hwoBr?y, + Cls +uct?

which generates the single-particle states occupied in our Sla-
ter determinants #(B,u). One then diagonalizes the Hamiltonian
in the space of the wave functions

v - J £7 8, mp’ g(B,u) dgdu

Here PJ is the projector on the subspace of good angular mo-

mentum J. The collective degrees of freedom "B-vibrations" and
"u-vibrations" are used to generate an appropriate N-body space
of rather small dimension.

In the hermitian operator method (HOM)h’ﬂ
duce as degreed of freedom all possible "particle-hole" excita-
tions" with the respect to the ground state |g>:

we intro-

+ +
) Qup (2,3, + abaa)lg > .
ab
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The Schrédinger equation in this subspace has the form

+ + + +
%i <g||aaab-i-abaa,IH,acad-i-adacl||g>}Qcd =
c

=w) {<g|(a;ab1-a;aa)(a:ad-+a;qc)|g>}ch
cd

Here w 1is the excitation energy and g should be a good ap-
proximation to the exact ground state in the given model space.
The two-body density matrix of the ground state is needed as in-
put information.

The generator coordinate method can be formally re-
presented as describing a system of anharmonic, interacting pho-
nons. In our case we have states with several phonons of two
kinds ("B-phonons" and "u-phonons"). On the other hand, the
particle-hole states in the hermitian operator method can be
formally represented as one-phonon states of several kinds of
phonons (each level is a different phonon). Such representation
may offer a bridge between our description of light nuclei and
the description of heavier nuclei by the Alaga groupsx

In Fig. 1. some low-lying levels of 2°Ne are cal-
culated with GCM2) (even J, T=0) and HOMh)(the lowest level
for each J and T) and they are compared with the result of
complete diagonalizationl).For each J and T subspace of
small dimension is taken (1-6 for GCM, 1«5 for HOM) compared
to the complete diagonalization (3-56). We are preparing calcu-
lations of odd and even parity states in a larger single-parti-
cle space (3 major shells), using both GCM and HOM.

REFERENCES
1) B. J. Cole, A. Watt and R. R. Whitehead, J. Phys. 4, 7 (1974)
1374.

2) N. Manko&-Borstnik, M. V. Mihailovié and M. Rosina, MNucl.
Phys. A239 (1975) 321.

3) N. Manko&-Bors$tnik, F. Brut and S. Jang, Proc. Conf. on Hartree-
Fock and self-consistent field theories in nuclei, Trieste 1975.

4) M. Bouten, P. van Leuven, M. V. Mihailovié and M. Rosina,
Nuel. Phys. A202 (1973) 127.



14

S) M. V. Mihailovié and M. Rosina, WNucl. Phys. A237 (1975) 229.

6) G. Alaga, V. Paar, preceding contributions.

=
¥
< 20e
'g L' ‘o
M
2.
-Nr . 5°0
T /a/“
0 _\ _:’:/' ‘1:0
_‘3 - :/——<1.;
prm————d
" X -—-c;’;'{ — N3
- fm —— T
-5+ *
e F -
0 ———_ e 0"0
-19 -
— 4%
Ve
N 4 — R
- -
23 20_.__._.-_--_ e — zoo
-25 o SSe- 0°0
6CM COMPLETE HOM
DIAGONA LIZATION

Fig. 1.





