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FIG. 1. Singles γ -ray energy spectra tagged by genetic correlations of the 180Pb decay chains. Panel (a) shows a spectrum generated by
demanding a full-energy recoil-αF -αF chain as a tag, whereas for panel (b) recoil-αF /αE-αE/αF -αF chains were also accepted. See text for
details. In panel (c) a correlation plot showing the daughter α-particle energy vsthe mother α-particle energy is presented. The correlations
were made with a search time of 12 ms for the recoil-mother pair and 60 ms for the mother-daughter pair. The correlated mother-daughter
decays are indicated according to the respective mother nucleus.

unambiguously identify the γ rays in 180Pb. Four γ -ray
transitions with energies of 278, 312, 380, and 1168 keV
are firmly assigned to 180Pb. The recoil-αF /αE-αE/αF -αF

correlated spectrum, which shares the same features as the
recoil-αF -αF spectrum, is used to extract the intensities of the
transitions because at this level of statistics the statistical errors
are significant. The details are presented in Table I.

Assuming that the observed γ rays form a cascade, they
can be ordered on the basis of their relative intensities and
on systematics, because statistics are too low to obtain γ -γ
coincidences or to allow an angular distribution or correlation
analysis. Accordingly, it is proposed that the 1168-keV γ
ray, which has a much higher energy than the other γ rays,
corresponds to the 2+ → 0+ transition in keeping with that
observed in 182−188Pb, while the three further γ rays belong to
a rotational band above the 2+ state. The lack of observed Pb

TABLE I. The γ -ray transitions assigned to 180Pb in the present
work. The energies (Eγ ) in keV, raw intensities (counts), relative
intensities without (Irel) and with the correction for internal con-
version (Irel,icc) assuming pure E2 character, and the tentative level
assignments are given.

Eγ (keV) Counts Irel (%) Irel,icc (%) Iπ
i → Iπ

f

278(1) 19(5) 93(21) 107(25) (4+) → (2+)
312(1) 11(4) 56(17) 62(19) (6+) → (4+)
380(1) 6(3) 33(14) 36(15) (8+) → (6+)
1168(1) 9(3) 100(33) 100(33) (2+) → 0+

K x-rays supports the E2 assignment for the three low-energy
transitions. The proposed level scheme is presented in Fig. 2.
It should be noted that all excited states are “unbound” in the
sense that they lie above the one- and two-proton separation
energies [22].

The proposed level scheme is in good agreement, in a
qualitative sense, with a smooth extrapolation of the trends
seen in the neighboring even-even lead nuclei (see Fig. 3),
where the prolate-deformed states are suggested to move up in
energy relative to the ground state beyond the neutron midshell
at N = 104.

The same beyond-mean-field method as is described in
Ref. [19] has been used to calculate the structure of 180Pb
(see Fig. 2). This method is based on the configuration
mixing of self-consistent mean-field wave functions. After
projection on angular momentum and particle number, states
with different intrinsic axial quadrupole moment are mixed
within the generator coordinate method. The final wave
functions are usually spread over a wide range of intrinsic
deformations. Within this approach it is possible to calculate
the spectrum associated with the axial collective mode and
the electromagnetic transition probabilities allowed between
excited states. The Skyrme interaction SLy6 and a density-
dependent pairing interaction have been used. An extensive
description of the method can be found in Refs. [15,17,19].

As for heavier Pb isotopes, the calculated ground state of
180Pb is dominated by configurations with small deformation
close to sphericity. The collective wave function of the excited
2+ level at 2.2 MeV suggests its interpretation as a vibrational
state. It decays by a strong E2 transition to the ground state.
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