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Abstract. The v-ray spectroscopy of even- and odd-mass isotopes of polonium have
been studied using arrays of Ge detectors coupled to recoil-mass analyzers, including
recoil-decay tagging techniques. The level energies and B(E2) branching ratios can be
reproduced by theoretical frameworks which do not explicitly include proton particle-
hole excitations across the Z=82 shell, conclusions in contrast to those deduced from
alpha-decay measurements.

The nuclei in the lead region exhibit a wide variety of shapes as a function of
neutron and proton number, as well as excitation energy and angular momenta. As
the numbers of valence protons and neutrons increase, the structure evolves from
shell model behavior near N=126 to moderate collective oblate shapes. As the mid-
dle of the N=82-126 neutron shell is approached, proton particle-hole excitations
across the Z=82 shell gap give rise to strongly collective oblate excitations, which
coexist with the more moderate ground-state shapes [1].

In recent years, the structure of the lightest polonium isotopes has been probed
using récoil separators coupled to arrays of Compton-suppressed Ge detectors. The
use of recoil separators was critical to identify gamma rays associated with the
evaporation residues, which are populated with cross sections considerably less
than the dominant fission channel. For the lightest isotopes, the recoil decay tagging
technique was used to identify prompt transitions in specific alpha-decaying isomers
of the evaporation residues. Such studies have been completed on '92-197Po [2-5],
and in the case of the odd-A isotopes, transitions associated with both 13/2% and
3/2~ isomers were identified.

More recently, high-spin excitations were probed in **®Po using the 172Yb(?8Si,4n)
reaction at 143 MeV using the Jurosphere array of Compton-suppressed Ge detec-
tors coupled to the gas-filled recoil separator RITU at the University of Jyvaskyla.
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TABLE 1. B(E2) branching ratios for non-yrast states in 196Po.

Transition B(E2) ratios
Delayed Prompt Vibrator Rotor 4p—2h
4F = 2F/4f - 4F  1.41027) 1.42(23) 1.10 > 20 >20

2f -2t /2% 07 20.9(46) 21.5(58) 00 2.04 (K =0) Large E0

In addition to recording prompt 7 rays at the target position in coincidence with
recoils at the RITU focal plane, transitions associated with the decay of long-lived
isomers, £y/; = 1ps, were measured with a single Ge detector behind the focal plane.
The level spectrum deduced for the decay of the 856(17)ns 11~ isomer in %Po is
displayed in Fig. 1. These measurements essentially confirm the previous results [6]
for the decay of this high-spin isomer, although additional non-yrast states have
been observed following weak population in the isomer decay. The placements of
the transitions, except those which directly depopulate the isomer, are confirmed
by prompt 7 — 7 coincidence measurements at the target position.
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Fig. 1: Decay of 11~ isomer in 1%Po.
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Fig. 2: Level systematics for 192-200Pg,

In Table 1 the relative B(E2) branching ratios associated with the decay of the
non-yrast states in %Po are summarized. The data from both delayed measure-
ments and prompt spectroscopy gated on the 414-keV transition are tabulated; pure
E2 transitions are assumed. These experimental results are compared with predic-
tions for vibrational and rotational models, as well as expectations for 4-particle,
2-hole (4p-2h) proton excitations across the Z=82 shell gap. For “intruder” 4p-2h
excitations, the non-yrast positive-parity states are candidates for the quasiband
built on the “intruder” configuration, and allowed, intra-band transitions should be
a factor of 20-50 times larger than forbidden, inter-band transitions. The experi-
mental results are only consistent with the expectations of the vibrational model. In
addition, the imbalance in 7-ray intensity required for the E0 transitions expected
to characterize the AJ=0 transitions between “normal” 2-particle, and “intruder”
4p-2h configurations is not observed. The present results confirm those of ref. 7,
but are in marked disagreement with those of ref. 6, which reported intensity imbal-




ances. The level spacings, with nearly degenerate members of the 2- and 3-phonon
multiplets, and the relative B(E2) branching ratios support a vibrational struc-
ture for 1%Po. Detailed spectroscopy of the lighter isotopes, in particular *4Po,
would further probe the structure of the Po nuclei and the role of 4p-2h intruder
configurations in the yrast and non-yrast states. A new analysis of 1®Po is in
progress [8].

The low-spin levels of the 200-192P¢ isotopes, including the levels above the 13/2%
isomers in the odd-A nuclei, are summarized in Fig. 2. The gamma-ray data suggest
that the lightest Po isotopes evolve from a harmonic vibrational structure in *¢Po
to a more collective, anharmonic vibrator in *2Po. The structure of the excitations
built on the 13/2% isomers in the 1¥3195:1%7Pg jsotopes, which follow a simple weak-
coupling pattern, support this interpretation. If the yrast states in the core were
complicated admixtures of “normal” and 4p-2h “intruder”configurations, which
changed as a function of neutron number, the level spacings above the 13/2% isomers
waould not be expected to follow those of the core.

The evolution of low-lying structure from 2%Po to °?Po has been successfully
modeled in the particle-core coupling framework and the microscopic composition
of the 2+ states determined from quasiparticle RPA calculations [9]. The theoretical
analyses suggest that it is the opening of the v%,5/, shell in the lighter isotopes, and
the attractive interaction between %3/, neutrons and the valence hg/, protons, which
result in increased collectivity, which remains essentially of anharmonic vibrational
character, in the lighter isotopes.

These conclusions are in contrast to results from the alpha decay of these Po
" nuclei, where the fine structure suggests that proton particle-hole excitations are a
domirant component in the *2Po ground state [10].
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