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Level energies and spectroscopic factors for isotopes of P, Si, and S are calculated with a shell model
which includes active particles in the ldé. 25% and 1d% shells.

This note presents some results of shell-
model calculations for the low-lying even-parity
states of nuclei with masses 30 € A < 33. Several
of these nuclei have been intensively studied ex-
perimentally [1-4], but until now there has been
no comprehensive and detailed model offered for
the large set of low-excitation energy data pre-
sently available.

In our calculations we restrict the shell-model
basis to a subset of all the Pauli-allowed states
formed by distributing (A-16) particles in the or-
bits 1ds, 2s:, and 1d; outside a closed (1s)
(1p)12 Eore. Our restricted basis comprises all
such states having at least ten ld% particles; in
other words we allow no more than two holes in
the 1ds shell. Then for given A, T and J the num-
ber of many-particle basis states is typically be-
tween 100 and 300. (In the full s~d-shell vector
space for these nuclei, typical dimensions would
be 1000 to 3000.) Our hope is that the perturba-
tive effects of further 1d% holes and of 1p holes,
1f particles, etc. can be adequately treated by
use of a suitable effective interaction. Indeed,
inspection of the experimental data on parities of
low-lying states does suggest that the neglect of
explicit non-s-d-shell configurations is a better
approximation for A = 30-33 than for nuclei near
either end of the s-d shell.

The effective interaction for our model was
obtained by varying its parameters so as to best
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fit the observed energy levels. We make the
usual assumption of a (1 +2)-body effective
Hamiltonian. In our s-d shell basis, the most
general (1 +2)-body Hamiltonian is specified by
63 two-body matrix elements and 3 single-par-
ticle energies. However, it is not practical to
vary all of these 66 parameters independently in
a least-squares search. Instead, we restricted
the two-body effective interaction to have the
form of the modified surface delta interaction
[5'7]1

VT(ij) = -47TAT 6(r-r]-)fz-j +BT .

Here T indicates the isospin (0 or 1) of the two
interacting particles; Ay and By are strengths
depending only on T'; and f;; is an operator which
has the effect of making

ff 7 drir]- drj R, ()R, (rj) o (”i"’j)fij R,(7;) Rd(”j)

equal to unity (where R,, Rp, R., Rgare the
single-particle radial wave functions involved in
(@abJ T | V() |cdIT)).

In this way the 63 two-body matrix elements
are specified by the 4 parameters Ag, By, Ay,
B1 of the modified surface delta interaction.
These 4 parameters, together with the 3 single-
particle energies, were determined by adjusting
them so as to give a least-squares fit to the ex-
perimental data for the 9 ground-state binding
energies and for 44 excitation energies of 308i,
30p, 31gj, 31p, 3231’ 32p, 325’ 33p ang 33s.
The least-squares solution is quite stable against
inclusion or exclusion of any particular level in
the fitting criterion. (Indeed, a preliminary fit
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Experimental and calculated energies for’l;?)?rllz tven—parity states in 30 < A £ 33 nuclei.
Nucleus First Second Third Fourth
A T J Eex Eip Eex Eth Eex Eth Eex Eiy,
30 0 1 156.22  156.31 0.71 0.93 3.02 3.34 - 3.75
30 0 2 1.45 1.65 2.72  2.3411] 4.3¢ 4.75[1] - 5.05
30 0 3 1.97 2.19 2.54 2.95 - 3.39 - 4.51
30 0 4 - 4.18 - 5,01 - 6.08 - 6.44
30 0 5 - 3.74 - 5.11 - 6.01 - 6.92
;1 + 1 168.50  168.67 3.14 3.56 *5.25  3.91 - 5.6
31+ 3 1.26 1.17 3.51 4.06 4.26 4.53 - 4.80
31+ & 2.23 2.35 3.29  2.86 419 475 - 4.98
31+ 1 3.41 3.56 - 418 - 5.7 - 579
st ¢ 3 - 5.10 - 5.66 - 8.70 - 118
32 0 0 183.56  183.45 3.78  3.87 - 7.63 - 8.38
32 0 1 4.70 4.76 - 6.61 - 8.22 - 8.44
32 0 2 2.24 1.97 4.29 4.90 5.55 5.63 - 6.83
32 0 3 - 5.88 - 7.20 - 7.67 - 8.22
32 0 4 4.47 5.48 [14] - 6.19 - 6.99 - 8.23

Binding energies (corrected for Coulomb energies as in ref. 9 are listed for the ground states along with excitation
energies for the excited states. Levels marked by asterisks were not included in the least-squares search. Except

where noted, experimental energies are taken from ref. 4.

was made to energies for A = 30 and 31 only. The
resulting Hamiltonian, and the calculated energy
levels up through A = 33, were essentially iden-
tical to those presented here [8].) The optimized
values of the modified surface delta interaction
strengths obtained from the 30-33 fit are Ay =

= 0.892 MeV, Aj = 0.873 MeV, By = -1.071 MeV
and 31 = 0.708 MeV; and the optimized binding
energies of the 1ds, 2s., and 1d: nucleons are
-7.55, -5.73, and ~3.32 MeV respectively.

Table 1 shows some of the spectra from these
calculations, together with the experimentally
determined energy levels. The deviations between
calculated and experimental energies in this
table are typical of all the results. The r.m.s.
deviation for the 53 pieces of data in the fit was
0.34 MeV, and the average absolute deviation
was 0.27 MeV. In view of the simple and rigid
nature of the interaction, we find the energy
level agreement quite pleasing. Particularly sig-
nificant are the several instances in which the
observed energy spacings of three or four levels
of one spin in a given nucleus are reproduced in
the model spectra. It is not yet clear whether the
few substantial deviations that do occur are to be
traced to deficiencies in the model space or to
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the modified surface delta interaction assumption.

A test of some important features of the model
wave functions obtained from these calculations
is provided by comparing calculated and experi-
mentally observed [11-15] values for single-nu-
cleon spectroscopic factors. This comparison
is shown in table 2. Again the agreement between
theory and experiment is good. In particular, the
relative strengths observed for 2s: and 1d:
transfer are well reproduced. This indicates that
the theoretical wave functions give the correct
relative occupation probabilities for these two
orbits. The absence of experimentally observed
strong lds stripping transitions, which implies
that the lds shell is effectively full in the ground
states, is also correctly reproduced by the model
The main discrepancy between the model and ex-
periment seems to be the lack of enough lds
single-hole strength m the second 2+ level calcu-
lated for A =31, T = % (31 31g),

This work is being extended to consider the
A = 34 and 35 nuclei, electromagnetic transition
rates, and alternative forms of the effective in-
teraction. The computational methods used in
this work are described in refs. 15 and 16.
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Table 2
Experimental and calculated spectroscopic factors.

References

1

Final state

2.

3.

Transition Sx Sth
(7T, Ey(MeV))
39si(3ge, d)31P [10]* §F, 0.0 0.68 0.95
3, 126 0.67 0.74
§*, 2.23 0.065 0.08
i*, 314 0.0z 0.07
§*, 329  0.003 0.01
3*, 3.51  0.004 0.14
30si¢d, p)3Lsi [11] 3, 0.00 0.86 0.70
Y. 015 027 017
Y, 170 0.02  0.002
3*, 232 006 0.01
8%, 279 0.04 0.01
2sm.a3lS (121%* 4+ 400 19 2.2
3250, )18 [13] 3+ 124 2.0  1.66
§*, 223 5.5  4.52
it,  3.08 weak 0.02
$*. 3.29 1.5  0.02
3. 343  weak 0.01
32g(d, p)33s [14] 3%, 0.00 0.69 0.61
i*, 084 027 028
5t 197 weak  0.002
$+, 2.1 0.05 0.08

10.
11.

12,

13.

15.

16.

* With arbitrary normalization.
** The values Sy listed here are the averages from
refs. 12 and 13.
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