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The single-particle states of 493¢ are strongly affected by low lying 2p-1h excitations of the structure

. 17 .
n n-17
(pS { ¢ £y JL)J . These 2p-1h states are not very much higher in energy than the p% single-particle
LT 7

states.

The nuclei 49Ca and 49Sc both have a single
particle outside the double closed shell of 48Ca.
Thus, we expect low lying single-particle states
in these nuclei. In 49Ca the p# ground state and
the p3 first excited state are also found to be
rather pure single-particle states, but in 49Sc
only the {4 ground state is pure. The strength of
the p# state in 49Sc is divided up between two or
more states and the p3 and {3 strengths are even
more spread out. The greater complexity of the
49Sc spectrum might arise because the energy
required for 2 particle-1 hole excitations is much
smaller in 49Sc than in 49Ca. The lowest 2p-1h
states of spin § will be of the form

[’f ?'”H
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or, in a more convenient notation

n ,p nl
LICEONE

with L = 1, 2 and 3. These configurations will not
be appreciably higher in energy than the p} single-
particle state, because the energy required to

lift the neutron from the £} orbit to the p} orbit

is partly gained by taking down the proton from
the p} orbit to the ] orbit. 2p-1h states of a sim-
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ilar structure but coupled to spin 3 and § mix
with the p3 and f§ single-particle states.

Information on the 49Sc spectrum comes
mainly from the stripping reaction
48Ca(3He,d)49sc [1,2] and the 8-decay of 49Ca to
various excited states in 49Sc [3]- Thus, a shell-
model calculation can be checked by comparing
both energies, spectroscopic factors and g-da-
cay matrix elements to experimental values.

In the shell-model calculation we take the
diagonal matrix elements from experimental
values and calculate the non-diagonal ones by
means of the Kallio-Kolltveit force [5]. Details
of the calculation are given in the appendix. The
single-particle binding energies are obtained
from the stripping data, and the binding ener-
gies for the 2p-1h configurations

565,

are obtained from the binding of the p$ neutron
in 49Ca and from the low-lying states in 483c,
which are of the structure
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The remaining very small part of the 2p-1h bind-

ing energy, which arises from the interaction
between the p} neutron and the configuration
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Fig.1l. Comparison of theoretical and experimental pro-

perties of 49Sc levels. The spectroscopic factors

(2J + 1)S measured in the reaction 48Ca(3He,d)495c are

shown together with the log ft value of the 8-decay

from 49Ca, where this has been observed (ref. 3). Only

the lowest theoretical and experimental levels are
shown,

p 2l
i )

is calculated by means of the Kallio-Kolitveit
force.

The resulting energies, spectroscopic factors
and log ft-values are compared to the experimen-
tal values in fig. 1. The experimental findings
are not quantitatively reproduced. However, the
large retardation of the 3-decays to the § states
comes out qualitatively in the right manner. The
calculation gives a hindrance factor of 8 as com-
pared to single-particle values, whereas the ex-
perimental hindrance factor is about 30. The re-
tardation is due to the configurations
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Fig.2. Low-lying high spin states with the 2p-1h

-1
conﬁguration%)aL[g%(% ?{7 )L_|J . These states
might possible be seen in more complicated reactions
such as 46Ca (a,p) 49Sc.
which have large Gamow-Teller matrix elements
with the pd neutron state in 49Ca, but come in
with signs so as to partly cancel the single-parti-
cle Gamow-Teller matrix element [4]. The 8-
transitions to the § states are determined only by
the 2p-1h configurations

EICEONT

and

DICEIN

because the £} single-particle states have no
Gamow-Teller matrix element with the p3 neu-
tron state in 49Ca.

The calculated energies and spectroscopic
factors only change very little by including more
2p-1h states in the calculation or by replacing
the Kallio-Kolltveit force by the Hamada-John-
ston potential. As can be seen from the calcula-
ted spectroscopic factors, the 2p-1h configura-
tions are of importance in splitting the single-
particle strength. However, they do not split it
as much or as finely as observed experimentally.
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We conclude that single-particle states plus 2p-1h
configurations do not provide a sufficient basis
for a realistic description of 49Sc, although qua-
litative trends away from the simple shell-model
behaviour are affirmed.

The authors like to thank A.Molinari and O.
Hansen for stimulating discussions.

Appendix. We give here some of the numerical
details of the calculation. The single-particle
energies, determined empirically, are

4980 49c3
f;_ 9.62 MeV
P3 5.80 5.14 MeV
f*} 4.95 1.19
Py 3.58 3.11
2

For the p} single-particle energy in 49g¢ a
small change have been made in order to bring
the energy of the lowest $-state in agreement
with experiment.

p n-l
The (f§ f;,r ) L interaction can be partially

determined from the experimental 483 spectrum
[6], but for some of the configurations we have
to rely on calculations from the 425c spectrum
[7]- The interaction used was

L 0o 1 2 3 4 5 6 7

V(f7f“1) =0 -3.38 -5.39 -5.95 -6.25 -6.40 -6.50 -5.18
i /L

The interaction matrix elements for the dif-
ferent configurations considered (single-particle,
2p-1h of the form

n 2 n_l‘ n b n-1.
Pyl )e)s o [RET) )

are expressed in terms of two-body interactions
with Racah recoupling coefficients.

All of the matrix elements are obvious, ex-
cept the off-diagonal one connecting a single-
particle state with a 2p-1h state:

"
(G(r=4"v| [sg (?,T, gz, )L} 7=

=32 U(3Lj LKL) U1 7§ KO) X
K

x (i)' Vp=1-% Vp=0 03f)g)-

As an example of a wave function resulting from

the calculation we have, for the lowest $ state of
493c,

n /b n-1l,
Vi) = 0.87 (3¢ ) + 0.24[p%(f%f% )1]3 +

T
n (p n-1
+0.27 [p% f 4 )2]% +
n fp nl n P n-1
+0.34|:p b 1 } +0.084 [p £ J

st ) sy ety )y g
where the single-particle state of good isospin is
given by

b n s nl
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