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Abstract. Alpha-decay properties of the neutron-deficient isotope '®*Pb were studied at the PSB-ISOLDE
(CERN) on-line mass separator using the resonance ionisation laser ion source (RILIS). The nuclei of
interest were produced in a 1.4 GeV proton-induced spallation reaction of a uranium graphite target.
In contrast to previous studies, two a-decaying isomeric states were identified in ®Pb. The relative
production of the isomers, monitored by their a-counting rates, could be significantly changed when a
narrow-bandwidth laser at the RILIS setup was used to scan through the atomic hyperfine structure.
Based on the atomic hyperfine structure measurements, along with the systematics for heavier odd-mass
lead isotopes, the spin and the parity of these states were interpreted as 3/2~ and 13/2" and their nuclear
magnetic moments were deduced. The a-decay energy and half-life value for the I™ = 13/2" isomer are
E. = 6408(5) keV, T3 = 4.3(2) s, respectively; while for the I™ = 3/27 isomer (T}, = 6.3(4) s) two
a-decays with Fq1 = 6288(5) keV, In1 = 56(2)% and Eq2 = 6486(5) keV, oo = 44(2)% were observed. By
observing prompt a-v coincidences new information on the low-lying states in the daughter isotope *'Hg
was obtained.

PACS. 27.70.+q 150 < A < 189 — 23.60.4-e Alpha decay — 32.10.Dk Electric and magnetic moments,

polarizability — 32.10.Fn Fine and hyperfine structure

1 Introduction

The last decade witnessed a substantial progress in the
study of decay properties of very neutron-deficient nu-
clei around the closed proton shell at Z = 82 and neu-
tron mid-shell at V = 104. A traditional method to pro-
duce such nuclei is the use of high-intensity (up to 10'?
ions/s) heavy-ion—induced complete fusion reactions close
to the Coulomb barrier, see for example [1-4] and refer-
ences therein. However, in many cases the intensity of the
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exotic ions which can be obtained with this method suf-
fers from a relatively low target thickness of a few mg/cm?,
which is required to allow the evaporation residue to recoil
out of the target and be further investigated.

An alternative to this method is provided by high-
intensity (up to 3 x 10'3 protons/s) high-energy (up to
1.4 GeV) proton-induced spallation reactions on thick
(hundred grams and more) targets made of heavy ele-
ments (Pb, Th, U) or their compounds. Unfortunately,
this production mechanism is unselective and simultane-
ously produces hundreds of different exotic nuclei in the
target. Therefore, this technique necessarily requires sub-
sequent on-line mass separation. Quite often, even after
mass separation, the resulting beams of the exotic nuclei
of interest are highly contaminated with much more abun-
dantly produced isobars with different atomic numbers. A
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recent refinement of this method has been accomplished
by the addition of a resonance ionisation laser ion source
(RILIS) [5,6] which allows selective ionisation of isotopes
of a specific element and therefore provides purer beams
after subsequent on-line mass separation.

In the present work we report on an a-decay study
of 185Pb, performed by using a RILIS coupled to the
ISOLDE on-line mass separator at CERN. Our interest
in this nucleus was motivated by the following reasons:

— First of all, only one a-decaying state was identified in
185Ph in two previous a-decay studies [1,2], in contrast
to the heavier odd-mass lead isotopes with A = 187,
191-203, in which two long-lived isomeric states are
known [7]. However, based on systematics and on the
results of theoretical predictions, one would expect the
presence of a high-spin (presumably, 13/27) and a low-
spin (presumably, 3/27) isomer in this nucleus, similar
to the neighbouring nucleus ¥7Pb [8,9]. These states
are expected to result from the weak coupling of 1i;3/5
or 3p3,o neutrons, respectively, to the spherical even-
even lead core. Therefore, possible long-lived (7}, ~
seconds) isomeric states in ®°Pb were searched for in
our study.

— The study of atomic hyperfine structure using RILIS
can provide information on the magnetic moment and
spin of the states under investigation and therefore on
the configuration of these states.

— 185Ph is the daughter nucleus of *¥9Po (after a-decay),
which has been recently studied at the velocity filter
SHIP [4]. As was shown in [4], 139Po has a rather com-
plex decay pattern to the states in 1%°Pb and detailed
information on the latter nucleus is crucial in order
to make unambiguous assignment of the states in the
parent isotope 3°Po.

— In turn, the a-decay of '85Pb populates low-lying
states in the daughter nucleus '®'Hg. A recent in-beam
y-decay study of ¥'Hg [10] provided information on
yrast and some non-yrast states, while the current
investigation could supply important complementary
data on possible low-lying states which could not be
populated in the in-beam study.

As mentioned above, prior to our work, the nucleus
185Ph was investigated in a-decay studies, discussed in
refs. [1,2]. The first study [1] used a complete fusion re-
action %°Sm(4°Ca, 5n)!8°Pb and employed the He gas-
jet technique combined with « spectrometry. This study
attributed two a-decays to '8°Pb with the energies of
Eq1 = 6400(10) keV, In; ~ 72% and E,o = 6480(20) keV,
I, ~ 28%, but no information on the half-life value was
given (see table 1 in sect. 3). In the experiment reported in
ref. [2], a complete fusion reaction 42Nd(*8Ti, 5n)'¥5Ph
was used and after ionisation and mass separation with
the on-line mass separator at GSI (Darmstadt), the activ-
ity was implanted in a thin carbon foil. A rather elaborate
detection system then allowed the information on a-decay
energies and half-lives to be collected. In addition to the
previously reported two « lines from ref. [1], three new «
lines were found (see table 1). Based on all five « lines, a
half-life value of T o = 4.1(3) s was reported, but no spin
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Fig. 1. The three-step laser ionisation scheme for '®°Pb, ap-
plied in this work. Shown are electronic configurations for the
levels involved and laser wavelengths for each step. On the
right the schematic illustration of the HF'S components in case
of the 13/27 and 3/27 isomeric states in *®°Pb is presented.
More details are given in the text.

and parity assignments could be obtained from these ex-
periments. We stress that in [1,2] no evidence for different
isomeric states in '*°Pb was suggested.

The structure of the paper is as follows: in sect. 2 we
describe the experimental setup together with the detec-
tion system used; sect. 3 presents the experimental data,
which are discussed in sect. 4. Conclusions are presented
in sect. 5.

2 Experimental setup
2.1 RILIS, isotope production and mass separation

The '¥Pb nuclei were produced in a spallation reaction
induced by a 1.4 GeV proton beam impinging on a UC,
target (50 g/cm? of 238U and ~ 10 g/cm? of carbon) of the
ISOLDE mass separator. Two proton pulses (3 x 1013 pro-
tons each, spaced by 2.4 s), provided by the PS Booster
in each supercycle of 16.8 s, were sent to the ISOLDE
target. After production in the target, heated to about
2050°C, the nuclei diffuse mainly as atoms to the hot cav-
ity (= 2100°C), made from a niobium tube of 30 mm
length and 3 mm internal diameter. Laser beams were
focused into the hot cavity, where the resonance ionisa-
tion of '3°Pb was performed by using a three-step ion-
isation scheme, shown in fig. 1. The resonant excitation
of the first two atomic transitions (A\; = 283.305 nm and
A2 = 600.186 nm) was provided by two tunable pulsed
dye lasers; the ultraviolet radiation \; was obtained by
frequency doubling of the fundamental dye laser radiation
with a non-linear BBO crystal. Pumping the dye lasers
and excitation of the final ionising transition (the third
step) into the continuum were achieved by copper vapour
lasers, operating at a pulse repetition rate of 11 kHz.
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Fig. 2. Energy spectrum of the a-particles measured in the Si-detector with a broad-bandwidth laser in the first excitation
step. Some of the o peaks are labelled with the a-decay energy (in keV) and the isotope the a-decay belongs to. The expected
positions of the a-decays of ®'Hg, being the daughter product of ®°Pb, are also shown.

An ionisation efficiency of about 3% was measured in
off-line tests with stable lead isotopes [11]. During the on-
line experiment with radioactive nuclei the laser power
of the ionising step was about a factor of two lower, so
we estimate the on-line efficiency for Pb isotopes to be
~ 1.5%. More details on the RILIS and ionisation schemes
can be found in [5,6,11].

After resonance ionisation in the hot cavity, the ions
were extracted and mass separated in the general purpose
separator (GPS) of ISOLDE, tuned to select nuclei with
mass A = 185. The mass-separated ions were implanted
at an angle of 56° into a movable aluminized mylar tape
(100 pm thickness, 12.5 mm width) which was surrounded
by the detection setup.

2.2 Detection system and modes of measurement

To measure the a-decay of the implanted nuclei a Si-
detector with a sensitive area of 450 mm? and a thick-
ness of 500 um was installed inside the vacuum chamber
with the tape. The distance between the detector centre
and the implantation spot was 28 mm, the detector being
inclined at 28°, relative to the tape. To measure ~y-rays
in coincidence with the a-particles, a Ge-detector was in-
stalled outside the vacuum chamber on the opposite side
of the tape at a distance of a few cm from the implantation
point. No singles v-ray spectra were recorded.

Data were collected in list-mode by using a data ac-
quisition system, which consisted of two ADCs (analogue-
to-digital converter) for the a- and ~-decay energy mea-
surements, a TDC (time-to-digital converter) and a TAC
(time-to-amplitude converter) modules. The TDC mea-
sured the absolute time between the start of the measure-
ment cycle and detection of any particular event (singles
« or a~vy coincident pair) within the range of 15.5 s with
a channel width of 10 ms. The reset of the TDC and the
start of the measurement cycle were triggered by the first
proton pulse coming to the ISOLDE target within every

supercycle. The measurement cycle continued for 15.5 s
(defined by the TDC range), and after this interval the
tape moved within 0.8 s in order to avoid build-up of long-
lived background activities and of daughter products of
the isotopes of interest. Finally, a TAC was used to mea-
sure the time difference between coincident « and ~y events
within a time interval of 1 us.

Two different modes of measurement were exploited
during this experiment: atomic hyperfine structure (HFS)
measurements and nuclear spectroscopic data collection.
These modes differed only by the laser bandwidth of the
first excitation step: a narrow bandwidth of 1.2 GHz (be-
fore frequency doubling) for the HF'S measurements and a
broad bandwidth of 10 GHz (before frequency doubling)
for the spectroscopic data collection. The data collected
during the HFS measurements were also used for the spec-
troscopic study. The next sections present detailed expla-
nations of these measurements.

3 Experimental procedure and data analysis

Figure 2 shows the energy spectrum of a-particles mea-
sured in the Si-detector with the first laser excitation
step tuned to a broad bandwidth (nuclear spectroscopy
data collection mode). In this mode practically all the hy-
perfine components are covered by the laser bandwidth
and therefore all the isomeric states in ®Pb could be
simultaneously ionised, irrespective of the nuclear spin.
The spectrum in fig. 2 is dominated by the a-decays of
185Hg (E, = 5653(5) keV) and '8°T1 (E, = 5975(5) keV)
[7]. The latter isotope is abundantly (non-resonantly) pro-
duced by surface ionisation in the hot cavity because of
its rather low ionisation potential of 6.11 eV. Addition-
ally, ¥¥5TI can be produced via EC/B%-decay of 18°Pb.
The nucleus '®°Hg is in practice not surface ionised be-
cause of its high ionisation potential of 10.44 keV. We
assume that in our case '8°Hg is produced via EC/3%-
decay of ®°T1, which according to systematics is expected
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Table 1. Summary of the previous data and our results on the a-decay characteristics of *®Pb. Shown are a-decay energies
E,, relative intensities I, half-life values T}/, hindrance factors HF, coincident y-rays and isomer assignments. An estimate
of ba = 50(25)% for the a-branching ratios of both isomeric states in '®*Pb was used to calculate hindrance factors (see,
subsect. 4.2.1). The artificial lines (6340(20) keV and 6540(20) keV), produced by the summing of energy signals of coincident
a-particles and conversion electrons in the Si-detector, are shown in brackets (subsect. 4.2.3).

Ref. [1] Ref. [2] Our data
E. I E. Is Ti/2 E. I Ti/2 HF Coinc. v Assignment
(keV) (%) (keV) (%) (s) (keV) (%) (s) (keV) I™, Isomer
6290(15) 12(2) 3.9(6) 6288(5) 56(2) 6.3(4) 1.5(8) 205(1), 269(1) 3/27, 185m2py,
6340(15) 15(2) 4.7(8) (6340(20)) 9(2)» sum a-e~ +'8pPb
6400(10) ~ T2 6406(15) 52(5) 3.6(3) 6408(5) 100 4.3(2) 1.7(9) 13/2F, 185mipy
6480(20) ~ 28 6485(15) 18(3) 6.1(11) 6486(5) 44(2) 6.3(4)™ 11(6) 3/27, 185m2py,
6535(20) 3(1) 3.5(7) (6540(20))  6.5(15)°) sum a-e”

2) Deduced from the combined statistics for the 6288 keV and 6486 keV « lines.

b) Relative to the intensity of the 6288 keV « line.
©) Relative to the intensity of the 6486 keV « line.
4 Adopted value from wide a-decay energy interval [2].

to have a dominant EC/3%-decay branch with a small a-
branching ratio. Finally, the nucleus '®'Hg, the daughter
product of '3 Pb after the a-decay, has its strongest « line
at E, = 6005(4) keV and also contributes to the region
around 6000 keV in fig. 2. Due to the different possible ori-
gins and incomplete knowledge of the a-branching ratios
for some of these nuclei, we cannot reliably disentangle
the contributions from the different sources in this region
of the o spectrum.

In contrast to T1 nuclei, Pb isotopes are poorly sur-
face ionised due to their relatively high ionisation po-
tential of 7.42 eV and the presence of their a-decays in
fig. 2 can be explained only by the resonance ionisation
in the RILIS. Figure 2 clearly shows the three previously
known strongest a lines of 85Pb (see table 1) with the
energies of F, = 6288(5) keV, E, = 6408(5) keV and
E, = 6486(5) keV. Two other known weaker peaks or
shoulders with estimated centroids at E, = 6340(20) keV
and E, = 6540(20) keV were observed as well (not seen
in fig. 2 because of the scale chosen) and will be discussed
in detail in subsect. 4.2.3. In this respect our data confirm
the results of [2], although, a different assignment will be
given both to the three strongest « lines and to the latter
two « transitions (sect. 4). The deduced data, along with
the previously known ones are shown in table 1 and will
be discussed in the following sections.

In the broad-bandwidth mode the total yield of ¥Pb
was about 1100 ions per pC, assuming the a-branching
ratios of 50 % for both isomeric states (see sect. 4).

3.1 Hyperfine structure measurement

As was mentioned in the introduction, the appearance of
high-spin and low-spin isomeric states in '®°Pb could be
expected, similar to the case of the neighbouring nucleus
187Ph [8,9]. In our study the search for isomeric states
was performed by carrying out the measurement of the
hyperfine structure of the atomic levels.

Coupling of the electronic (J) and nuclear (I) angu-
lar momenta leads to a splitting of an atomic level into
a number of hyperfine structure components of the total
spin F' = I + J. Figure 1 shows the possible HFS com-
ponents for the cases of the expected I™ = 13/2% and
I™ = 3/27 isomeric states in !®°Pbh. Because of electronic
angular-momentum values of J = 0 for the 6p ground state
and J’ = 1 for the 7s excited state, populated in this work
(fig. 1), one and three hyperfine components, respectively,
are expected in the ground state (atomic angular momen-
tum F) and in the excited state (atomic angular momen-
tum F). Therefore, in both cases three atomic transitions
are possible between the HF'S components of the angular
momenta F and F’ with difference in their relative po-
sitions and amplitudes. If the hyperfine splitting of two
isomers differs significantly, tuning of the laser wavelength
(frequency) allows to ionise preferentially one of the iso-
mers, i.e. to perform isomer separation. Some examples of
the application of this method can be found in [12-14].

The measurement was carried out by changing the fre-
quency of the first excitation step (see fig. 1) to tune the
laser to the different atomic transitions, while monitoring
the yield of different « lines of '®°Pb in the Si-detector. For
this purpose the first laser excitation step was switched to
a narrow-bandwidth mode (1.2 GHz before frequency dou-
bling) with the laser power reduced to decrease the power
broadening. In total about 20 subsequent measurements,
each lasting on average 300 s, were performed covering the
frequency region of interest (about 30 GHz). In this mode
the total yield of '8°Pb was about a factor of two lower
compared with the broad-bandwidth mode.

The stability of the target release, proton beam inten-
sity and laser power are key factors while performing such
measurements. The stability of the target and the proton
beam intensity were easily monitored by observing the in-
tensity of the non-resonantly produced '®°TI and '®°Hg
isotopes, see fig. 2. Unfortunately, in our experiment due
to a technical problem we could not control the stability
of the laser power. Therefore, the peak intensities in the
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Fig. 3. Yield of different a-decays of ¥*Pb as a function of the first excitation step laser frequency. The uncertainty of the
laser frequency setting in all points is 300 MHz (not shown). For simplicity, the statistical error is shown for the case of the
6408 keV « line only. Dashed arrows with symbols “A” and “B” show the measurements which were further used to produce
fig. 4a,b. Full lines with arrows show the positions of the HFS components for the 13/27 and 3/2~ isomeric states in '°"Pb,

taken from [15].

obtained scans may be not fully reliable, but the measured
intervals between the HFS components for both isomers
are less dependent on the laser power stability and should
therefore be valid within the laser frequency setting un-
certainty and statistical error of the peak.

Figure 3 shows the frequency scan plot: the yield of
the three strongest « lines of '¥°Pb as a function of tran-
sition frequency in the first excitation laser step. Despite
the Doppler broadening in the hot cavity of the RILIS (~
2 GHz at 2100°C for '®5Pb) it was still possible in our ex-
periment to resolve the HFS transitions. Three HF'S com-
ponents are observed in all cases and the spectrum clearly
demonstrates the different behaviour of the curves, mea-
sured for the « line at E, = 6408 keV on the one hand
and of the « lines at E,; = 6288 keV and E,o = 6486 keV
on the other, which exhibit a very similar pattern.

In order to enhance the observation of different « lines
of 185Pb, o spectra collected at specifically chosen frequen-
cies from fig. 3 are shown in fig. 4a, b. Figure 4a shows a
part of the o spectrum, summed from the measurements
at two neighbouring frequencies, marked by the dashed
arrows with the symbol “A” in fig. 3. The measurements
at these frequencies clearly enhance the production of the
E, = 6408 keV « line of '¥Pb. Figure 4b shows a sum
a spectrum collected at three frequencies, marked by the
dashed arrows with the symbol “B” in fig. 3, which were
chosen to enhance the yield of the F,; = 6288 keV and
E.o = 6486 keV « lines of 8°Pb. We also note the oc-
currence of high-energy shoulders for both of the latter

peaks (at F, = 6340(20) keV and E, = 6540(20) keV,
respectively, see fig. 4b). The a-decays with similar ener-
gies were also identified in [2] (see table 1). Finally, we
mention a weak a peak at E, = 6455(20) keV in fig. 4b,
which is not present in fig. 4a. This indicates, that the
decay at E, = 6455(20) keV originates, most probably,
from the same state as the decays at F,; = 6288 keV and
E.o = 6486 keV. This weak peak is also present in the
spectrum measured with a broad-bandwidth laser setting.
However, the low statistics and relatively high background
do not allow us to make any definite conclusion on the ori-
gin of this peak.

Based on the different behaviour of the « lines in fig. 3,
we are able to identify, for the first time, two isomeric
states in 185Pb: 185m1Ph with an a-decay energy of E, =
6408(5) keV and '®5m2Pb with two a-decays of E,1 =
6288(5) keV and E,2 = 6486(5) keV.

3.2 Spectroscopic data collection and decay scheme of
185 Pb

The spectroscopic data were mainly collected by switching
the first laser excitation step to the broad bandwidth (10
GHz before the frequency doubling) and full laser power.
During approximately 2 hours of data collection about
5 x 103 a-particles were recorded for each of the 6288 keV
and 6486 keV decays and about 2 x 10* for the 6408 keV
decay of '8°Pb, see fig. 2. These data were used for half-
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life determination of the isomeric states and for detailed
spectroscopic study.

Figure 5 shows the decay parts of the grow-in/decay
curves derived from the TDC spectra with gates on the
three strongest a-decays of '8°Pb. By fitting the decay
part of the TDC curve a half-life value of T}, = 4.3(2) s
for the E, = 6408 keV decay was deduced. The half-
life values for the E,; = 6288 keV and E,, = 6486 keV
decays are consistent with each other (see fig. 5) and a
half-life value of T7 /5 = 6.3(4) s was derived based on the
summed statistics for these two « lines. Therefore, the
half-life measurements also confirm the existence of two
isomeric states in '8Pb.

Figure 6 shows the energy spectrum of ~v-rays, ob-
served in prompt (AT (a-y) < 100 ns) coincidence with
the E,; = 6288 keV decay of '8™2Pb. Two previously
unknown ~-decays at E,; = 205(1) keV and E,» =
269(1) keV, along with the K X-rays of Hg can be seen in
this spectrum. No prompt or delayed y-rays were observed
for the 6408 keV and 6486 keV « lines.

Based on these data, the decay schemes o
shown in fig. 7a were constructed. The nucleus '8°!Ph
decays by a single a transition to its daughter '8'Hg, as
no coincident v or X-rays were observed for the 6408 keV «
line. The decay of '8¥™2Pb is more complex and proceeds
via two a-decays. The 6288 keV—269 keV a-v coincidences

f 185m1,m2Pb

establish a previously unknown excited state at 269 keV in
the daughter nucleus '®'Hg, which presumably decays to
the known 1/27 state in this nucleus. Furthermore, the ex-
cited state at 269 keV also decays by a 205 keV transition,
establishing a new excited state at 64(1) keV in 18'Hg.
The sum Qq-value of Qusum = Qo + E, = 6632(5) keV
for the 6288 keV—-205 keV a-v coincident pairs matches
the value of Q, = 6629(5) keV for the E,o = 6486(5) keV
decay. This means that both the 6486 keV and 6288 keV—
205 keV decays feed the same excited level at 64(1) keV in
the daughter '8'Hg, see fig. 7a. No decay from the excited
state at 64 keV was observed in our data.

4 Discussion
4.1 Atomic spectroscopy data for 185Pb

4.1.1 I™ and magnetic moment assignments for the
isomeric states in 1%°Pb

Each experimental HFS curve in fig. 3 was fitted by three
Gaussians with fixed widths to determine the peak po-
sitions. The error of the peak position is determined by
the combination of the statistical error of the fit and the
uncertainty of the laser frequency setting in each point
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(= 300 MHz). The hyperfine structure coupling constants
A and B and the isomeric shift Jy(18°mL185m2ph) were
extracted from the peak positions according to the well-
accepted algorithm (see for example [16]).

The magnetic dipole moments can be evaluated from
the scaling relations (see, for example, [3]), based on the
known magnetic moment gy, magnetic coupling constant
Ap and nuclear spin I of a stable Pb isotope

AT
N Ao-IO '

This expression disregards any hyperfine anomaly, which
was found to be less than ~10~3 for 190:191:193,197p}, jgo-
topes, studied in [3].

The evaluation of the magnetic moment with this
method requires knowledge of the nuclear spin I and we
considered the spin assignments of I = 13/2% and 3/2~
which are expected from the systematics.

The obtained results are summarized in table 2 and
will be discussed below and in the next subsection.

Figure 3 shows that the measured intervals between
the HFS components for the assumed I™ = 3/2~ isomeric
state in 18°Pb, decaying by the 6288 keV and 6486 keV
transitions, fit well within the frequency setting uncer-
tainty to those for the known 3/2~ states in 1°78:19%pPh
[15]. The HFS intervals for these states in 1°78:199Pb are
very similar and for simplicity in fig. 3 we show the data for
1978 Ph only. These data were normalized at the position of
the assumed F’ = 5/2 component (left peak in the curves
in fig. 3, corresponding to the 6288 keV and 6486 keV de-
cays). Correspondingly, the deduced experimental value
for the magnetic moment (@ = —1.10(4) py) is quite sim-
ilar to the known magnetic moments for the 3/2~ ground
states in 197199Pb (—1.075(2) px and —1.0742(12) pu, re-
spectively [17]). On these grounds, the spin and the parity
of I™ = 3/2~ were assigned to this isomeric state in 18°Pb.

A similarly good agreement can be noted between the
measured positions of the HFS components for the as-
sumed 13/2% isomeric state in ®°Pb, decaying by the
6408 keV transition, and for the known 13/2% isomeric
states in the heavier odd-mass lead nuclei "*"197Ph (see
fig. 3), where only "™mPb [15] is shown as a typical
example. The deduced magnetic moment for this state
(p = —1.19(3) pn ) follows, within the error bars, the
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Table 2. Hyperfine coupling factors A and B, and nuclear magnetic dipole moments y for the isomeric states of '8°Pb, identified
in this work. Isomeric shift §v and variations of the mean square charge radius §(r?) and deformation §(3?) for the 3/2~ isomer

were calculated relative to the 13/2% isomer.

I A B ov 5(r?) §(6%)
(MHz)  (MHz)  (uv)  (MHz)  (fm?)
3/2” —5460(150) —120(270) —1.10(4) 570(300) 0.028(15) 0.0024(13)
13/2t  —1360(32)  200(420) —1.19(3)
13/2* states a) | 13/2* states | | 3/2- states | b)
185m1 pp 185m2 ppy 187m1 pp 187m2 pp,
OpOh-4.3(2)S 0pOh 6.3(4)s 0p0h_18.35 0pOh 15.2 s
|
b,=(50(25)%) b,=(50(25)%) b,=12(2)% b,=9.5(2.0)%
E, [keV]= 6408 6288 |6486 6548 6073 5993 |6194 6258
I,[%] = | 100 56(2) [44(2) <1.4 100 40 |60 <15
HF= 1.7(9) 1.5(8) |11(6) >600(3p0) 1.4 16 |77 >514
E) =)
Op2h 3o < | 269 Op2h 3o 8 1275
4p6h v 64 4p6h Y _67
181m1 pg vz 181m2 g 183m1 pg 12" 1g3m2 Hg

Fig. 7. a) a-decay scheme of '**Pb deduced in this work; b) the same for **"Pb. The data for '8"Pb were taken from [7-9,18].
Shown are a-decay energies E,, intensities I, hindrance factor values HF and proton configuration assignments. Estimated
a-branching ratios for 85m1L185m2ph are shown in brackets. Dashed lines with arrows show the possible full-energy a-decays,
for which only an upper (lower) limit estimate for the intensity (hindrance factor) values could be deduced. Note, the spin and
parity of I™ = 1/2 for the low-spin isomers in **'Hg and '®3Hg. The I™ = 3/2 assignment for the excited states in 3%183Hg
is tentative and based on the a-decay pattern of parent ¥3187Pb nuclei. See main text for details.

nearly constant (or possibly slowly increasing) trend of
the known values of the magnetic moments for the 13/2%
isomers in 191:193:195.197ph (1, (191Ph) = —1.172(7) p,
p(193Pb) = —1.150(7) pn, p(*?5Pb) = —1.1318(13) py,
p(F7Pb) = —1.1045(27) pn [17]). Based on these data,
the spin and the parity of I™ = 13/2% were assigned to
this isomeric state in 'Pb.

We point out that such nearly constant (within 10%)
values of experimental magnetic moments for the 3/2~
and 13/2% isomeric states in ¥Pb are in a qualita-
tive agreement with the Schmidt estimate of constant
pu = —1.91 py for the p3/5 and iy3/5 single-particle neu-
tron states. Despite the quantitative difference of about
40%, which was discussed in the literature for some nu-
clei close to 2°8Pb (e.g., [19] and references therein), such
constant behaviour of the magnetic moments strongly sug-
gest rather pure single-particle character of the 13/2% and
3/2~ isomeric states in 185Pb.

To conclude this part, the data from the HFS scan,
despite relatively large experimental uncertainty, deter-
mine the spin (and, tentatively, parity) assignments of
I™ = 13/2% and I™ = 3/2~ for the two a-decaying iso-
meric states in 8Pb (see table 1). Thus, '8°Pb becomes
the lightest lead isotope for which the spin and magnetic
moment have been deduced experimentally.

4.1.2 Change in charge radius and deformation in
185m1,185m2 py,

The measured isomeric shift value §v (185m1:185m2ph) can

be used to deduce the mean square charge radius variation
§(r?), which further provides information on the possible
deformation change between the isomers.

The isomeric shift dv, being the displacement of the
centres of gravity of the two HFS spectra [16], defines the
mean square charge radius variation §(r?) as

Sv=F-5(r?),

where the electronic factor F = 20.26(18) GHz/fm?
was taken from [16]. The deduced value of §(r?) =
0.028(15) fm? for 185mLm2ph (table 2) can be compared
to §(r?) = 0.030(7) fm? [17] for the difference between the
3/2~ and 13/27 isomeric states in 1%7Pb. The latter iso-
tope is the only lead isotope for which the values of §(r?)
are know for both long-lived isomeric states.
Furthermore, based on the deduced §(r?) value, the
change in the mean square deformation §(3%) can be ex-
tracted with the well-known prescription (e.g., [3,16])

5
5<T2>m1,m2 — 6<r2>sph 4 E<T2>Sph6<ﬁ2>ml,m27
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where §(r?)spn and (r?)spn are calculated according to the
Droplet-model prescription [20].

By using this method, the value of §(g?)mim2 —
0.0024(13) was extracted for ¥5Pb. This value can be com-
pared to the difference in deformation of §{3%) = 0.0025(6)
between the 3/2~ and 13/2% isomeric states in °7Pb.
This comparison shows that the value §(3%)™1™2 is prac-
tically the same for '8°Pb and '7Pb, despite the fact that
the former nucleus has 12 neutrons less than the latter
and lies beyond the mid-shell at NV = 104. This observa-
tion further supports the conclusion of the previous sub-
section, that these states have rather pure single-particle
character. Otherwise, the possible admixture of different
single-particle and /or of collective excitations could result
in a completely different behaviour of deduced 6(r?) val-
ues as is well-known for the neutron-deficient Hg nuclei. To
give such an example, we compare the §(r?)&™ value for
the mean square charge radius change between the 1/2~
ground state and 13/2% isomeric state in 18%95Hg. The
values of §(r?)&™ = 0.0081(31) (}%°*Hg) and §(r?)e™ =
0.4735(23) (1*°Hg) can be deduced from the data given
in [16]. This difference clearly reflects the change of the
1/2~ ground state from a spherical shell model configu-
ration in % Hg to a prolate deformed 1/27[521] Nilsson
configuration in '®Hg.

4.2 Alpha-decay data for 185Pb

Before proceeding with the detailed discussion of the mea-
sured a-decay data, two comments should be made.

First of all, we stress a striking similarity of the a-
decay schemes of 85187Ph, see fig. 7a,b. In both cases
the decay of the high-spin isomers proceeds via a single
a-decay to the states in the daughter '31:183Hg, while the
decay of the low-spin state proceeds via two a-decays,
feeding excited states at a rather close excitation energy
in 181Hg (64 keV and 269 keV) and in ¥3Hg ( 67 keV and
275 keV). Such a pattern suggests quite similar structures
of 18%187Ph and of their respective daughters 81:183Hg.
This complementary information was partly used to con-
firm the spin and parity assignments, based on atomic
spectroscopy measurements.

Secondly, our study and available literature data do
not provide information on the relative positions of the
low-spin and high-spin isomeric states both in '®°Pb and
its daughter '®'Hg. That is why in fig. 7a, as well as in
the following discussion, we will denote the high-spin and
the low-spin isomers in these nuclei as “m1” and “m2”,
respectively.

4.2.1 Hindrance factor values and configuration assignments

It is well recognized that a-decay is a powerful tool to
identify and study low-lying states giving direct informa-
tion on the excitation energy, decay pattern and configu-
rations involved (see for examples [9,21]). The latter can
be obtained from the a-decay hindrance factor (HF): for

example, in odd-mass nuclei a value of HF < 4 means un-
hindered decay between states of equal spin, parity and
configuration [22]. The hindrance factor is defined as the
ratio of the reduced « width, calculated by the method of
Rasmussen [23], of the transition relative to the reduced
« width of the ground state to ground-state transitions in
the even-even neighbours.

Unfortunately, in the case of the nucleus ®Pb the cal-
culations of the hindrance factors are somewhat hampered
by unknown a-branching ratios for both isomeric states.
These branching ratios could not be extracted from our
data as the nucleus '®°Tl —the daughter of '®Pb after
possible EC/BT-decay is additionally (and more abun-
dantly) produced by the non-resonant surface ionisation
(see fig. 2 and discussion in sect. 3) and therefore the di-
rect yield comparison of these two nuclei is not possible.
Also, the « lines of the '8'Hg nucleus, being the daugh-
ter of '8°Pb after a-decay, are masked by the a-decays
of 185T1 (see fig. 2) and therefore one cannot use the
parent-daughter relations to deduce the a-branching ratio
of 185Pb. Therefore, in order to obtain an estimate of the
branching ratios we used the a-decay systematics for the
odd- and even-mass lead nuclei in vicinity of ®Pb. Based
on the known a-branching ratios of the following neigh-
bouring nuclei: ~80% (184Pb [24]), 38(9)% (1*Pb [25]),
12(2)% and 9.5(2.0)% (*8™™Lm2PhL respectively, [9,18]),
we derived an estimate of 50(25)% for the a-branching ra-
tios of both isomeric states in '®°Pb. Furthermore, an esti-
mate of 50(25)% for the a-branching ratio of the low-spin
isomer in '®°Pb was suggested in a recent a-decay study
of 189Po — 18Ph chain at the velocity filter SHIP [24].

By combining the measured data with estimated a-
branching ratios, hindrance factor values shown in table 1
and in fig. 7a were deduced for both isomeric states in
185ph. The quoted errors of about 50% for the hindrance
factors in '®Pb are mainly defined by the uncertainty of
the branching ratios.

The HF =1.7(9) for the 6408 keV a-decay of 185m1Ph
provides experimental evidence for the favoured character
of this transition. This fact suggests that the states con-
nected by this decay have the same spin, parity and con-
figuration. Based on the deduced spin value of I = 13/2
for 185m1Ph, this allows us to assign a spin of I = 13/2 to
the isomeric state in '81Hg to which this transition decays.
Based on systematics for the heavier odd-mass lead and
mercury nuclei we assume positive parity for both states.
We note that recent in-beam work on 8'Hg [10] also in-
ferred the existence of a high-spin isomer in ®*Hg with a
tentative spin and parity assignment of I™ = (13/27).

Within the spherical shell model approach, the closed
shell even-mass lead nuclei can be represented as having
a spherical 7(0p-Oh) configuration, while the even-mass
mercury nuclei (Z = 80) with two holes in the closed pro-
ton shell at Z = 82 are represented by a weakly oblate
m(0p-2h) configuration. Therefore, we conclude that the
6408 keV « transition directly connects a state in 1851 Pb,
in which the 7,3/o neutron is weakly coupled to the spheri-
cal w(0p-0h) even-even lead core with a state in the daugh-
ter 181m1Hg in which the i13/2 neutron is weakly coupled to
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a slightly oblate m(0p-2h) even mercury core (see fig. 7a).
Such a transition is a normal one-step a-decay, removing a
pair of protons from the closed shell at Z = 82, and there-
fore it should not be hindered. The same explanation was
given for the 6073 keV a-decay of *¥7Pb, which also has a
relatively small hindrance factor (see fig. 7b and [9,18]).

The decay of the I = 3/2 isomeric state in ®°Pb is
more complex and is split into two transitions. An almost
unhindered transition with 6288 keV (HF =1.5(8)) sug-
gests the same spin of I = 3/2 and the same parity for
the excited state at 269 keV in '®1™?Hg. Based on system-
atics for the heavier odd-mass lead and mercury nuclei we
assume negative parity for the low-spin isomeric state in
185Ph and for the state at 269 keV in '¥1™2Hg. By analogy
with the ¥7M2Ph case (fig. 7b), we assume that the 3/2~
state in 18°Pb has a configuration in which the 3pg /2 Neu-
tron is weakly coupled to the spherical 7(0p-0h) even-even
lead core. This state decays to an excited 3/2~ state at
269 keV, originating from the coupling of a 3p3 /5 neutron
to a slightly oblate w(0p-2h) even-mass Hg core. As in
the case of the 13/2% state this is also a one-step a-decay
which is practically unhindered.

The 1/2 isomeric states of ¥1:183Hg are known to re-
sult from the coupling of the 3/2~ neutron to a prolate
even-mass core, which yields (see fig. 7a,b) a 1/2~ state as
the lowest state of the band [26,27]. Such a configuration
can be described in the spherical shell model approach as
a 7(4p-6h) excitation which lies lower in energy than the
state originating from the weak coupling of the 3/2™ neu-
tron to the slightly oblate core of w(0p-2h) character (the
state at 269 keV), although the latter configuration is the
lowest one in the even-even mercury neighbours. Within
the multiparticle-multihole approach an a-decay between
the spherical m(0p-Oh) configuration in 8°Pb and prolate
7(4p-6h) configuration in '8'Hg should be strongly hin-
dered as it involves a multi-step process. This is in agree-
ment with non-observation of the possible 3/2~ — 1/2~
6548 keV direct a decay to the 1/27 state in 18*Hg, which
is shown in fig. 7a by the dashed line. To give a quanti-
tative estimate for this hindrance, we use the assumption
of an upper limit of ~ 1.4% (see subsect. 4.2.3) for the
intensity of this decay relative to all a-decays from the
same state. Under this assumption a hindrance factor of
HF > 600(300) for the possible 6548 keV transition can
be obtained. This is similar to the case of 18"Pb, in which
no direct 3/2~ — 1/27 decay with E, = 6258 keV was
observed as well, see fig. 7b. Based on the quoted upper
limit of 1.5 x 1072 [8] for the intensity of this transition, a
lower limit for the hindrance factor value of HF > 514 can
be derived for the possible 6258 keV transition in 87Pb.

The excited state at 64 keV can be interpreted as the
3/27 member of the rotational band, built on top of the
1/27 isomeric state. This assumption is supported by the
systematics of the excited 3/2~ states in the N = 101 iso-
tones, shown in fig. 8, and by the estimated multipolarity
of the 64 keV transition (see next subsection). Then, in
the absence of other effects, one of them being the mixing
with the closely lying states of the same spin and parity,
one would expect the a-decay to the band head and to
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Fig. 8. Systematics of some lowest members of the prolate
rotational band, built on the 1/27[521] Nilsson orbital in the
N = 101 isotones. The data for **'Hg are taken from [10] and
from this study. The tentative 3/27 excited states in 18lyg
identified in this work, are shown by the filled diamonds and
denoted with their excitation energies (in keV). The rest of the
data is taken from [7].

the first excited state within the band with AI =1 to be
hindered to a similar extent. This is not the case in 8°Pb
nor in 187Pb (see fig. 7a,b): the decay to the assumed 3/2~
member of the Al = 1 band is not completely forbidden
in both cases and points to some mixing between the two
3/2~ states in 181Hg and also in ®3Hg.

4.2.2 Multipolarity estimates for the 64 keV, 205 keV and
269 keV ~ transitions

The I™ = 3/27 spin and parity assignments for the ex-
cited states at 64 keV and 269 keV in '®'Hg are also in
agreement with the following multipolarity estimates for
the 205 keV and 269 keV ~ transitions. We note that the
prompt character of these transitions limits their multi-
polarity to F1, E2 or M1. One can further give an esti-
mate for the conversion coefficients for these transitions
by assuming two different scenarios for the origin of the
observed K X-rays in fig. 6. As a first possibility we as-
sume that the observed K X-rays result solely from the
conversion of the 205 keV decay. Then, by comparing the
number of observed K X-rays and 205 keV decays in fig. 6,
after correction for corresponding experimental X-ray and
v efficiencies, a conversion coefficient of ax = 1.2(3)
can be deduced for this transition. This points to the
M1 character of this transition, as the calculated con-
version coefficients for the 205 keV 7-decay are as follows:
ag(M1) = 0.88, ax(E2) = 0.4, ax(FE1) = 0.06 [28]. In
the second scenario we consider the possibility that the
observed K X-rays in fig. 6 result from the conversion
of the 269 keV decay only. In this case, by applying the
same procedure as above for the 205 keV decay, a con-
version coefficient of ax = 0.65(15) can be deduced for
the 269 keV transition. This value should be compared to
the calculated values of ax(M1) = 0.4, ax(E2) = 0.08,
ak (E1) = 0.03, which speaks in favour of M1 multipo-
larity assignment for this transition. However, one can see
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that in both cases, the experimentally deduced conversion
coefficient is always somewhat larger than the correspond-
ing calculated value of ag(M1). This fact suggests that
the K X-rays in fig. 6 originate from the conversion of both
205 keV and 269 keV transitions and we therefore suggest
that these transitions should be assigned as being of an
M1 multipolarity, although a mixed M1/E?2 multipolarity
assignment for one or both of them cannot be excluded.
This is consistent with the tentative assignment of an M1
multipolarity to the 208 keV and 275 keV transitions in
183Hg [8]

An E1 multipolarity for any of these v transitions can
be ruled out based on a number of arguments. First of all,
the theoretical K-conversion coefficients for the 205 keV
and 269 keV ~ transitions of E1 multipolarity are very
small (see above). Secondly, such an assignment would re-
quire a parity change for either the 64 keV state or 269 keV
state, which will be difficult to reconcile with the hin-
drance factor values for corresponding feeding a-decays
and with the results of the in-beam study [10].

As was discussed above, we tentatively assign spin and
parity of 3/27 (see fig. 7a) to the excited state at 64 keV in
181Hg which then can decay via M1 or E2 transitions (or
their mixture) to the 1/27 isomeric state. To put the spin
assignment on a stronger footing a lower limit for the con-
version coefficient for the (unobserved) 64 keV decay can
be deduced from our data. Assuming an upper limit of < 1
count for the number of the 6288 keV—-64 keV a-v coinci-
dences and using the number of 6288 keV—-205 keV decays,
corrected for the conversion coeflicient for the 205 keV de-
cay and for the ratio of the vy-efficiencies for the 64 keV
and 205 keV decays, a lower limit of ayot(L) > 21 for the
total L-conversion coefficient for the 64 keV decay can be
obtained. This should be compared to the total theoret-
ical L-conversion coefficients for the 64 keV transition of
4.2(M1) and 32(E2), respectively [28]. This suggests that
the 64 keV transition in '8'Hg should be preferentially
assigned as being of a rather pure E2 multipolarity, al-
though some mixing with the M1 multipolarity can not
be excluded. This is similar to the case of '¥3Hg, in which
a strongly converted (o = 2644 ) prompt pure E2 or pos-
sibly mixed M1/FE2 67 keV transition, decaying directly
to the 1/27 isomeric state was found [8] (see fig 7b).

To conclude the two previous subsections, we point
out that complementary data from the HF'S measurements
and from the a-decay data are fully consistent to each
other and provide unique assignment for the spins and
parities of the states, studied in '®°Pb and '®'Hg.

4.2.3 Interpretation of the 6340 keV and 6540 keV
a-decays of 1®5Pb

The strongly converted 64 keV transition in !¥1m2Hg
has direct relevance to the appearance of the low-
intensity peaks or shoulders with estimated centroids at
6340(20) keV and 6540(20) keV in our a-decay data, see
table 1 and fig. 4b.

First of all, we note the same energy difference of about
50 keV in the pairs of 6288 keV—-6340 keV and 6486 keV—

6540 keV a-decays. This energy difference corresponds,
within the error bars, to the energy of the conversion
electrons which would result from the L-conversion of
the 64 keV transition in the daughter '®'Hg, see fig. 7a
(E.- = 64 keV — B,- =~ 50 keV, where B,- is the binding
energy of the L-electrons in Hg [7]). Therefore, we sug-
gest that the a peaks at 6340(20) keV and 6540(20) keV
are artificial peaks, resulting from the full summing in the
Si-detector of the energy of the 6288 keV and 6486 keV
decays, respectively, with the L-conversion electrons from
the 64 keV transition.

Such an effect was already discussed in [8] for 87Pb,
for which an artificial « line with E, = 6258 keV was
found, presumably caused by summing of 6194 keV «-
particles with coincident conversion electrons from the
strongly converted 67 keV transition (see fig. 7b).

Clearly, the intensity of such summing peaks depends
on the tape—Si-detector geometry, used in the experiment.
To check the assumption of a-e™ summing we performed
simulations using the GEANT Monte Carlo code [29], tak-
ing into account the real geometry of our setup. A reliable
upper estimate for the implantation spot size is given by
the beam diaphragm of about 6 mm, installed at a rather
close distance from the implantation point. The inclina-
tion of the beam direction and of the Si-detector relative
to the tape were also taken into account. The former re-
sulted in an ellipsoidal beam spot size on the implantation
tape.

These simulations showed that in the given geometry,
the a-e~ summing efficiency is 3.3 % relative to the de-
tection efficiency for the “pure” a-decay. One should note
that the calculated summing efficiency depends rather
weakly on the implantation beam spot, increasing only
slightly with a decrease of the latter value. Therefore, the
calculated summing efficiency should be considered as the
lower limit in case the real beam size was smaller than the
diaphragm used. One can see, that the calculated value is
about a factor of two lower compared with the value of
6.5(1.5)% measured in the experiment for the 6540 keV «
line, although the rather large experimental error prevents
more definitive conclusions being drawn.

One could try to assign the difference between the ex-
perimental and calculated values for the intensity of the
6540(20) keV line as resulting from the direct full-energy
3/27 — 1/27« transition from the low-spin isomer in
185Pb to the 1/2~ state in 18'Hg. Such a transition would
have an energy of 6548 keV and would not be distinguished
from the 6540(20) keV decay. In such a case, an upper limit
of 21.4% for the 6548 keV a-decay relative to all a-decays
from the low-spin isomer in '¥Pb could be deduced. This
value was used in subsect. 4.2.1 to calculate a lower limit
for the hindrance factor for this transition.

For the a-decay at 6340(20) keV the calculated in-
tensity of 3.3% of the sum a-e~ peak is lower than the
experimental value of 9(2)%. However, the a-decay of the
neighbouring '®Pb with similar a-decay energy and half-
life values (E, = 6335(10) keV, T/, = 4.6 s [7]) also
contributes to the peak at 6340(20) keV. The yield of this
isotope was measured shortly before the study of '¥°Pb
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and was found to be about ten times higher than that
of ¥5Pb. Although after mass separation with the GPS
tuned to A = 185, ®6Pb should be suppressed by about
1073 times, because of the yield difference the a-decays
from '85Pb will be suppressed to a level of “only” ~10~2
relative to those of 1®Pb. Therefore, with all the uncer-
tainties in the yield and mass separation efficiency esti-
mates we consider the agreement between the experimen-
tal and calculated intensity for the 6340(20) keV a-decay
to be satisfactory within the error bars.

Most probably the same effect can explain the appear-
ance of these peaks in a previous study [2], in which mass
separation and implantation in a tape, surrounded by Si-
detectors was also applied. In ref. [1] no such « lines were
mentioned, but also the much stronger peak at 6288 keV
was not attributed to 3°Pb at all.

Finally, we would like to discuss the weak o peak at
6455(20) keV in fig. 4b. As was mentioned in subsect. 3.1,
this peak is only present in the measurements with the
laser frequency chosen to enhance the production of the
low-spin isomer in '®Pb. On this basis one could tenta-
tively assign this a-decay as belonging to this isomer. In
such a case, this would establish an excited state at about
97(15) keV in the daughter 8'™2Hg. However, due to low
statistics and a relatively high background we prefer not
to make any definitive assignment for this peak.

4.2 4 Excited states in '8'Hg: comparison with in-beam
data

Before this work, excited states in ®'Hg were investi-
gated in a-decay studies of 18°Pb [1,2] and in a recent
in-beam study [10]. In particular, in ref. [10] a few prolate
rotational bands were identified, presumably based on the
1/27[521] orbital from the 3ps/, sub-shell, 5/27[512] or-
bital from the 1hg/o sub-shell and 7/27[633] orbital from
the 1iy3/5 sub-shell. Also, an indication on the existence
for an oblate (presumably 13/27) isomeric state was pre-
sented.

It is interesting to note that the two new excited states
at 64 keV and at 269 keV, clearly observed in our study
in 18'Hg, were not seen in [10] and, conversely, no decays
to the excited states observed in [10] were found in our
study. As suggested in [10], the lowest observed excited
state above the 1/27 prolate band head is presumably
the 5/27 state at an excitation energy of 81 keV, decay-
ing possibly by an E2 transition to the band head. This
assignment was partly based on the previous a-decay stud-
ies [1,2]. The authors of [10] assumed that the only iso-
meric state known at that moment in '3Pb decays by the
6400 keV and 6480 keV « transitions to two states lead-
ing to the same isomer in the daughter '8'Hg. On these
grounds the conclusion was drawn in [10] that an excited
state at 80 keV exists in '®'Hg and some evidence was
suggested for a 80.5 keV 7-decay, presumably de-exciting
this level.

In this respect we stress that, first of all, no suggestion
of the existence of an excited state at 80 keV was made by
the authors of the original a-decay studies [1,2]. Secondly,

in our work no evidence for an excited state at 80 keV in
181Hg populated by a-decay was found. Finally, we have
shown that the a-decays at 6408 keV and 6486 keV pro-
ceed from two different isomeric states in '8°Pb and pop-
ulate levels leading to different isomeric states in 8'Hg.
Therefore, we conclude that, although the 5/27 state at
80 keV might indeed exist in 18'Hg, the assumption of [10]
for the observation of such a state from the previous a-
decay studies is not correct and cannot be used for the
justification of the 80 keV excited state in '8'Hg.

Nevertheless, this does not rule out that such a state
could have been populated in the in-beam study of [10].
Furthermore, there are two obvious experimental rea-
sons why this state could not be seen in our experiment.
First of all, we are not able to observe the corresponding
a-decay in the singles « spectrum (figs. 2,4), as its energy
of E, = 6470 keV would not be distinguished from the
much stronger 6486 keV transition. Also, since the 80 keV
E2 transition should be strongly converted, we would not
see such a decay in the a-vy coincident matrix, as in the
case of the 6486 keV—64 keV a-v coincidences.

A stronger argument why this decay could not be
observed in our study comes from the assignment in
ref. [10] of this state as a member of a prolate rotational
band, built on the 1/27[521] orbital. As mentioned ear-
lier, the a-decays to the band head and to the lowest ex-
cited members of the same rotational band have usually
quite similar hindrance factor values, differences arising
from the angular-momentum change AL. As we showed
above, the direct 6548 keV «-decay between the spheri-
cal 3/27 state in 185Pb and the prolate 1/27[521] state
in ¥ Hg is strongly hindered (HF > 600(300)). According
to the Rasmussen prescription [23], the possible 6470 keV
3/2~ — 5/27 decay of ®5Pb would involve a quite similar
hindrance factor and therefore this decay could not be ob-
served as well. The same reason explains, most probably,
the non-observation of the a-decays to other low-lying ex-
cited states in '®!Hg that were observed in the in-beam
study [10].

Finally, some speculations on the nature of the 64 keV
and 80 keV states in ®1Hg could be made. These states
could be tentatively interpreted as the signature partners
of the prolate rotational band built on the 1/27[521] or-
bital. Such an assignment is supported by the similarity
with the signature partner 3/2~ and 5/2 states that are
known in the N = 101 isotones of '®'Hg: 7Pt 1770s,
175W and '73Hf [7]. In all these cases a prolate deformed
rotational band, built on the 1/27[521] Nilsson orbital was
found with the 3/2~ member of the band always lying
about 15 keV below the 5/27 member (see fig. 8). The ex-
citation energies of the 3/27 and 5/2~ states in all these
cases are about 70 keV and 85 keV, respectively, which are
quite similar to the values of 64 keV and 80 keV observed
in 1Hg. We note that the position of the prolate 3/2~
state in ¥'Hg at 64 keV could be somewhat perturbed by
the mixing and interaction with the oblate 3/2~ state at
269 keV. However, due to lack of definitive proof, no solid
conclusions can be drawn here.
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5 Conclusions

The resonance ionisation laser ion source coupled to the
ISOLDE mass separator was used to study the mid-shell
nucleus 8°Pb (N = 103). In contrast to previous investi-
gations two long-lived isomeric states were found in ®5Pb
and their a-decay characteristics were investigated.

Furthermore, based on the hyperfine splitting measure-
ments, nuclear spins and magnetic moments of these iso-
meric states were deduced. Complementary a-decay data
confirm the spin assignments and, based on systematics,
the high-spin and low-spin isomers were assigned as having
positive and negative parity, respectively, in '®*Pb. The
magnetic moment of the 13/27 isomer in *5Pb was found
to be similar to those of the 13/2" isomers in the heavier
odd-mass °17197Pb lead nuclei. The same conclusion can
be also drawn by comparing the magnetic moment for the
3/2~ isomer in !8°Pb with corresponding 3/2~ isomeric
states in the heavier M7-199Pb.

By using the a-v coincidence technique, information
on new excited states in the daughter '8'Hg was ob-
tained. A striking similarity of the decay patterns (e.g.,
HF values, excitation energies) in the ¥"Pb — ¥3Hg and
185ph — 181Hg decay chains was found. This fact, along
with the literature data, points to the robustness of the
configurations involved in these decays: the spherical iso-
meric configurations in the parent lead nuclei and coex-
isting weakly oblate and prolate-deformed configurations
in the daughter mercury isotopes.

Despite a rather large experimental uncertainty of the
values of the magnetic moments and §(r?) deduced in this
study, the data obtained clearly demonstrate the power
of the method used. To put all these data on a stronger
footing, a systematic study on the behaviour of the mag-
netic moments and §(r?) values in a longer isotopic chain
of lead isotopes is necessary. It would be very important
in the future to undertake a similar kind of study, possibly
with improved statistics and quality, to bridge the gap be-
tween '®°Pb and the lightest lead isotope '%OPb, studied
by atomic spectroscopy method.
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