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1. Experimental study

The odd mass Sb nuclei, up to A = 127, have
been the subject of many experimentall/ as well as
theoretical investigations?2®) since the interplay
between the proton single-particie motion in the

50<Z<82 and the quadrupole and octupole vi-
brations of the underlying core nuclei is manifes-
ted in a clear-cut way in these nuclei.

In the case of !2°Sb and !3!Sb for which only
scarce information exists!»*»°) limited validity
of this approach is expected, due to the very
strong deviations between the doubly even '28Sn.,
nucleus and a harmonic quadrupole vibrator®).

An experimental effort was therefore made, in
first time on '3!Sb, in order to check more refi-
ned one-proton-particle two-neutron-hole shell mo-
del calculation with two different proton-neutron
residual interactions.

We used the Lohengrin faci]ity7) at the high
flux reactor of the Institute Laue-Langevin in
Grenoble, which separates the recoiling products
of thermal neutron induced fissions within a few
microseconds, to obtain pure !*!Sn activity. The
sharing of the different gamma-transitions between
the two well known beta isomers of !'3!Sn, 11/2-
and 3/2% whose half lives are 50 sec. and 30 sec.
respectively, was performed by using the variation
of the isomer formation ratio with kinetic energy
in the fission, an effect which is easly exploi-
ted at Lohengrin ®).In some earlier work, (ref.
4-5), an 50 us excited isomeric state, was obser-
ved at 1676 keV in !3!Sb by performing fragment-
gamma delayed coincidences at Lohengrin. To find
evidence for gamma transitions between levels
above this isomeric level, and eventually fed by
beta decay, delayed beta-gamma and gamma-gamma
coincidences were also performed at Lohengrin
with a time-window of several microseconds.

The on-line fission-fragment separator
Josef®/ at the K.F.A. Jiilich was used for prompt
gamma-gamma coincidence measurements needing more
intense radioactive sources.

The proposed level scheme for !'3!Sb is shown
figure 1 where spin assignment are based on be-
ta feeding considerations as well as gamma bran-
ching ratios. An additional line of 82.3 keV (8%)
could not be definitely pnlaced in the
proposed level scheme ; this 1ine desappears in
both prompt beta-gamma and delayed gamma-gamma
coincidences and was not observed by fra?ment-
gamma delayed coincidences performed on *!Sb
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where 50 us activities were identified. Neverthe-
less, as shown by the "Bp" identification method
performed at Josef, this 1ine belongs to !3!Sb and
his probable position is therefore above the isome-
ric level at 1675.9 keV.

In figure 2, we indicate the essential featu-
res concerning the odd-mass antimony isotopes from
A =121 up to A = 131. For '2°Sb, an important lack
of information on excited states shows up. Moreover,
we further remark a smooth increase in excitation
energy, wlth increasing neutron number, for the
5/2%, 3/2% and 1/2% levels with respect to the 7/2*
1gve1. Finally, the existence of a multiplet contai-
ning the spin states 9/2%, 11/2* near 1200 keV is
evidenced, although only in !3!Sb, a detailed know-
Tedge of all members of the multiplet has been
obtained.

The Tow lying 7/2% and 5/2% states probably
contain most of the proton single particle states
1g7/2 and 2 d 5/2 respectively. The 3/2t and 1/2%
higher lying states definitely contain important
admixture of particle core compled |1 g 7/2, 2%.>
configuration besides the proton single partic]é
2 d3/2 and 3 S 1/2 configuration.

2. Theoretical predictions

A more detailed description for the excited
states in '%!Sb can be obtained by treating all
one-proton two-neutron-hole configuration with
residual interaction, within a shell-model approach.
Starting from the general formalism, deve]oge? in
order to treat m-proton n-neutron nucleil®s11!), we
have obtained in the specific case of a one-proton
two-neutron hole nucleus (such as !®!Sb), the ex-
pression :

3 1 1
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as the residual proton-neutron interaction'2?). This
expression is formally equivalent with the macrosco-
pic particle-core coupling matrix element. The core
matrix elements (1) however, are defined in terms of
their shell-model description. Therefore, first
carrying ouy the two-hole shell-model calculation
for 13°Sp ¢/ supplie the wave-functions necessary

to calculate the <C{Jr|]Q,[[C J,> reduced matrix
elements.

The proton-neutron residual interaction consists
of a quadrupole + octupole expansion with strength
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parameters (see also ref.2) x = -0.08 MeV,

X,= -0.06 MeV, giving a good &greement with the
1315h experimental level scheme. Calculations
with § interaction have also been rather succesful
in describing nuclei near !%2Sn (ref.!®)). Proton
and neutron single-particle and single-hole ener-

gies respectively, were discussed in ref.3. The
neutron residual interaction was a Gaussian inter-
action also fully described in ref.3.

Carrying out the calculations of energy spec-
tra -shown figure 3- and electromagnetic transi-
tion rates (M1,E2,M2,E3,..) the following interes-
ting results occur (see also fig.3 and table 1) :

- besides the low-lying single-particle states
197/2, 2d5/2 and the quadrupole-coupled configura-
tion |1g772,21 3 J™>, near Ey ¥ 1.6 MeV, negative
parity levels'result from coupling the 1g7,2 pro-_
ton single-particle orbit with the J7 = 77, 57, 41,

. negative parity states in '3°Sn. The latter ~
levels cannot result from a purely macroscopic
approach,

- some more positive parity levels are obtained by
coupling the proton single-particle states to non-
collective levels obtained from the two-hole shell
model calculation describing levels in !*°Sn i.e.
97 = 25,03,0%,

- Above E,* 2 MeV, the level density, both experi-
mentally and theoretically, becomes so large such
as to make precise assignments impossible. .

Electromagnetic M2 and E3 calculations point
out that, in going from the |1g7,,, 77> towards the
Ilg7 ,21> configurations, the core wave function
is uégergoing an important change and thus nuclear
isomerim can result. The theoretical calculation
point out that the only candidates, compatible
with the experimental data, are the J7 = 13/27 or
13/25 Tevels. The theoretical excitation energy
favours the J? = 13/27 assignment for the isomeric
level. The precise values for the half-lifes, cal-
culated using a &-interaction and a multipole
interaction are given in Table 1. Finally, we can
conclude that, up to Ex¥ 2 MeV, a good theoretical
description of the experimental data in !3!Sb is
obtained by the one-proton two-neutrons hole shell-
model calculation. Moreover, we point out that no
important nuclear features are missing in a des-
cription of the nucleus !3!Sb.
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Table 1
gmios gTf §-interaction Multipole
i f interaction
M2 E3 | M2 E3
- +
13/2] ~ 7/2} 97 25 |
|
> 11/2‘{ 573 260 |
{
> 9/2} 14 7.4
|
> /2, - -
|
- +
13/2, ~ /2] 140 10
> 11/2‘{ 13 8
i
> 9/2’{ 3.1 3300 ‘
~ 772, - -

Theoreticalpartial Tl/z(y) values for the 13/
and 13/,, levels. Half-1ife are given
usec. 22
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Fig.1 - Proposed level scheme for '2!Sb.
Spin assignements have to be considered

as temptative.
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Fig.3 - Comparison of theoretical calculations,

using a d-interaction or a quadrupole + octupole
interaction as proton-neutron interaction, with

experimental data. Angular momenta we denoted as
2J. The parentage (if very pronounced) on 2 hole
levels of '3°Sn is also indicated. Dotted levels
contain most of the corresponding proton single-

particle

configuration.
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