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A col laborat ive program, involv ing researchers from the
Lawrence Berkeley and Oak Ridge National Laboratories, has now been
in progress at the SuperHILAC OASIS on- l ine f a c i l i t y 1 for more than
two years. In these invest igat ions properties of shor t - l i ved nuclei
near the 82-neutron shell have been studied, the i r decays being
assayed with p a r t i c l e , y-ray> x - ray, and positron detectors.
Nuclides investigated so far were produced in 58Ni bombardments of
96Ru, 9i+Mo, and "^2Mo. They are shown in Fig. 1 where a port ion o*
the periodic chart for N < 84 and for 64 < Z < 72 is displayed.
Note that for nuclei with less than 84 neutrons a-par t ic le emission
is not observed due to the 82-neutron shell since th is closure
d ras t i ca l l y lowers Q values avai lable for a decay. However, as
shown in F ig . 1 , because of the proximity of the proton dr ip l i ne
and the large Q^Q values, both p-delayed and di rect proton emission
are observed. Table I l i s t s the isotopes we have invest igated and
summarizes some of the information obtained.

The focus of the study has been pr imar i ly two- fo ld : 1) to gain
ins igh t into the nature of the sharp peaks seen in the delayed-
proton spectra that accompany the B decays of N = 81 even-Z precur-
sors, and, 2) to invest igate low- ly ing states in nuclei near N = 82,
levels whose structures should be describable by shell-model analy-
ses. Much of the accumulated data have been described in recent
pub l ica t ions . Interested readers are referred to these papers for a
discussion of the fo l low ing : 1) experimental and ca lcu la t ional
decompositions of the 151Yb (Ref. 2) and of the 11+8Ho, 150Tm, and
152Lu (Ref. 3) delayed-proton spectra; 2) systemat ics* ' 5 of s ing le-
p a r t i c l e states in N = 81 and N = 82 isotones compared with predic-
t ions from HFB ca lcu la t ions ; and, 3) a descr ipt ion of decay
propert ies of A = 152 (Ref. 6) and A = 150 (Ref. 7) nucl ides. Here
we w i l l discuss data from a recent experiment that examined A = 147
nuclides produced in 58Ni bombardments of 92Mo.

On the basis of proton coincidences with pos i t rons, x rays, and
Y rays, we have shown2 that the structured and s t a t i s t i c a l com-
ponents of the 151Yb delayed-proton spectrum are associated with the
isotope's S1/2 ground state and hn/2 isomeric 6 decays, respec-
t i v e l y . The structured component has also b';en observed in the
delayed-proton spectra of two other N = 81 precursors, i . e . , lJ4?Dy
and lh9Er (see e.g. Ref. 8 ) . Because i t persists for 151Yb the
impl icat ion is that i t re f lec ts a region of low density of 1/2 and
3/2 levels in a l l three B-decay daughters as a consequence of the
N = 82 shell with the ef fect of the Z = 64 subshell being minimal.
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Fig. 1. Portion of nucl id ic chart; investigated isotopes are
indicated by shaded squares.

To provide further evidence for th is suggestion we performed a
decomposition of protons emitted by the N = 79 precursor l l+7Er
(Tx/2 = 2.5 s ) ; the main difference here, v is-a-v is the N = 81 iso-
tones, is that one is now two neutrons fur ther removed from N = 82.

Data were taken in 4-s counting cycles to emphasize lh\r ac-
t i v i t y , and in 160- and 1.28-s cycles to provide information on the
contr ibut ions of 11+7Dy and 11+7Tm, respectively. While these results
are s t i l l being analyzed, two points have emerged. F i r s t , both low-
(probably S1/2) and high-spin (probably h j 2 / 2 ) precursors contribute
to the 1H7Er delayed protons, and second, neither the to ta l spectrum
(studied also by Schardt _et_ _a]_. 8) nor the spectrum in coincidence
with positrons ( i t should probe lower exci tat ion energies in the
P-decay daughter) exhibi ts any intense peaks.

The existence of two proton-emitt ing states in 11+7Tm has been
established (see e.g. Ref. 9) . Cross-section measurements and
barr ier-penetrat ion h a l f - l i f e calculations suggest that the S i / 2
state (T1/2 = 360 us) is a pure proton emitter but that the h n / 2
state (T1/2 = 560 ms) has a large p-decay branch which as yet has



T a b ! e l . Isotopes investigated in this study.
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not been observed experimentally. Despite a low production cross
section (predicted to be - 0 . 2 mb) the 1.05-MeV proton group9 of the
h i i / 2

 1 Tm state was clear ly seen in our experiment, and, pr imari ly
in the 1.28-s data, there was evidence for th is leve l 's B-decay
branch. The decay curve for the annih i la t ion radiation had a small
component of ~ 0.5 s, the delayed protons showed a growth and decay
pattern consistent with a 2.5-s decay (1 4 7Er) being fed by a 0.6-s
rad ioac t i v i t y , and, Er K x rays were observed.

Figures 2(a) and 2(b) are portions of singles x-ray spectra
taken during the f i r s t and second halves of the 1.28-s cycles; f i g .
2(c) was accumulated during the f i r s t 0.5 s of the 4-s cycles. A
weak Er Ka] peak is seen in (a) , but only vestiges of i t are v is ib le
in (b) and (c ) . Also, Er Kcq x rays were observed in coincidence
with the annihi lat ion radiation peak in the 1.28-s [part (d) ] but
not in the 4-s [part (e) ] cycles. Preliminary estimates indicate
that the lk7lm h21/2 level has a S-decay branch of -90%.
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Fig. 2. Portions of
K-x-ray spectra
measured for A = 147
nuclides in 58Ni irra-
diations of 92Mo: (a)
and (b) singles
spectra taken during
first and second
halves of 1.28-s
counting cycles,
respectively; (c)
singles spectrum accu-
mulated during the
first 0.5 s of 4-s
cycles; (d) and (e)
spectra measured in
coincidence with the
annihilation radiation
peak in 1.28-s and 4-s
counting cycles,
respectively.
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