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ARTICLE INFO ABSTRACT

Article history: The decay of the 13/2% isomeric state in '83Hg was observed for the first time following the o decay of
Received 21 March 2022 the 13/2% isomer in '87Pb produced in the #2Nd(°°Cr, 2p3n) reaction. Using o — ¥ delayed coincidence
Received in revised form 18 July 2022 measurements, the half-life of this isomer was measured to be 290(30) ps. This isomer is proposed to
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deexcite by an unobserved low-energy M2 transition to the known 9/2~ member of a strongly prolate-
deformed 7/27[514] band, followed by a 105-keV M1 transition to the bandhead. A lower limit of

B(M2) > 0.018 W.u. was deduced for the unobserved transition. The presumed retardation is proposed

Keywords: to be due to the notable shape change between the initial, nearly spherical, and the final, strongly
Isomeric decay deformed, states. A similar scenario is also considered for the 13/2% isomer in '8'Hg, suggesting both
Shape isomer are cases of shape isomers. The B(M2) systematics of neutron transitions across the nuclear chart is
B(M2) discussed.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

- Isomeric states, first observed about 100 years ago [1,2], play
* Corresponding author at: Department of Physics, University of York, York, YO10 an important role in nuclear physics [3-5]. Some of them also pro-

5DD, United Kingdom.
** Corresponding author at: Institute of Modern Physics, Chinese Academy of Sci-
ences, Lanzhou 730000, China.

vide opportunities in applications, e.g., for medical imaging and
energy storage [3-6]. As valuable probes of nuclear structure, such
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mechanism [2,3,7-10]. For shape isomers, the hindrance mainly
results from the distinct shape change between initial and final
states [3-5]. A global study based on the macroscopic-microscopic
model predicted that an island of shape-isomers may exist around
the proton shell closure at Z = 82 near the neutron N = 104 mid-
shell, see Fig. 5 in Ref. [11].

The 13/2% isomers originating from the viy32 orbit are
widespread in the N = 82-126 region [12], where they have
been observed in many even-Z, odd-A Er-Th isotopes. Decay paths
of such isomers have been also reported in a chain of odd-A
175-19Hg jsotopes, except for '83Hg [13-23]. In 18°~199Hg, the
half-lives of these isomers are sufficiently long (seconds or longer)
to allow for determinations of the changes in their mean-squared
charge radii via isotope shift experiments. These isomers were de-
duced to be nearly spherical ((85)!/2 ~ 0.1) [24-26], albeit in the
literature they are often also claimed to be “weakly oblate”, with
a 13/27[606] configuration. Such isomers become short-lived in
the lighter odd-A isotopes 17°~181Hg, with typical half-lives in the
ps- and sub-ps range [13-15,27], which prevents measurements
of mean-squared charge radii. Based on their decay pattern and
potential energy surface (PES) calculations, they were also inter-
preted as nearly spherical (or weakly-oblate) as in the heavier
isotopes [13,14,16-18]. The main decay modes of these isomers
change from charged-particle decay in '87~193Hg to internal tran-
sition (IT) in 17>~181.185Hg

In '83Hg, a long-lived 1/27[521] ground state (g.s.) with pro-
late deformation is known [25,28], together with a 13/2F iso-
meric state [27,29], denoted as '83™Hg in this work. However, the
decay path of this isomer was not known prior to the present
study. Its existence was proposed based on the presumably un-
hindered 6077(7)-keV « decay' of the 13/2% isomer in 37Pb in
a study [30], which stated “It is more likely that it represents a
favored transition to a 13/2% level in '83Hg, which then has a life-
time which is appreciably longer than the coincidence time of 8 ps
applied in our studies.” The unhindered nature of the 6077-keV
decay was directly confirmed in the -decay investigation of 1°1Po
—187pb— 183Hg (see Fig. 2 of Ref. [31]), whereby 83™Hg was pro-
posed to have a viy3; configuration that is weakly coupled to
the nearly spherical 7 (0p-2h) 182Hg core. Combining the «-decay
data [30] with mass-measurements [32] for the 13/2% isomer and
1/2~ gs. in '87Pb, an excitation energy of E*(13/2%,183mMHg) =
204(14) keV was evaluated in Ref. [29].

In the present work, the first observation of the decay from
183mHg s presented via identification of its IT decay, following the
a decay of the 13/2% isomer in 187Pb. The present result comes
from the same experiment, in which prompt and delayed y spec-
troscopy of 187Pb was performed [33].

2. Experiment

The parent nuclei 87Pb were produced via the *°Cr + 142Nd
— 192pg* — 187ph + 2p3n fusion-evaporation reaction. The *°Cr
ions were accelerated to 255 MeV, with a typical intensity of
7 particle nA by the superconducting linear accelerator, ATLAS, at
Argonne National Laboratory (ANL). Targets with a thickness of
~ 700 pg/cm? (including fluorine) were prepared from '42NdF3
material with an isotopic enrichment of ~ 99.8%. To reduce pos-
sible degradation of the target due to beam heating, four target
sectors were mounted on a rotating wheel, and a magnetic steerer
was used to wobble the beam £2.5 mm horizontally across the
target [15].

1 Evaluated value from [27], the original data from Ref. [30] was 6073(10) keV,
T1/2 = 18.3(3) s, no a-branching was deduced.
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Fig. 1. (a) A part of the energy spectrum for the o« particles recorded within 90 s
after EVR implantation. (b) Daughter «-decay spectrum from the EVR — «;,(6080)
— oy correlations. The o-decay peaks are labeled with their energy in keV and
the isotopes they belong to. The EVR — o;(6080) time distribution of the '87mPpb
decay and the «,;(6080) — oy time distribution from the EVR — & (6080) — oy
correlations are shown in the insets of (a) and (b), respectively. Since the random
contribution is non-negligible, the time distributions are fitted using two exponen-
tial functions, and shown by red solid lines.

The recoiling fusion evaporation residues (EVRs) were sepa-
rated from unwanted particles (projectiles, scattered target nu-
clei, transfer reaction products) by the Argonne Gas-Filled An-
alyzer (AGFA), filled with ~ 0.65 mbar helium gas [34]. Af-
ter separation, EVRs were implanted into a 160 x 160 (64 x
64 mm?2, ~ 300 pm thick) double-sided silicon strip detector
(DSSD). The energy calibration of the DSSD was performed by us-
ing o-decay peaks of known, strongly produced activities from
this reaction, see Fig. 1(a). The o decays of 33Hg (5904(5) keV),
184Hg (5539(5) keV), 185Hg (5653(5) keV), 186Pb (6331(6) keV),
187mply (6077(7) keV), 188Bi(6992(5) keV and 6813(5) keV) and
189Bj (6670.9(22) keV), evaluated in Ref. [27], were used. With
this calibration, we reproduce the energies of all peaks, shown in
Fig. 1, within 1—3 keV, and the measured energies will be used in
the text. The typical energy resolution for the strips of the DSSD
was ~ 30 keV (FWHM) for 5000-7000 keV « particles. The energy,
position and time of the implantation of EVRs and their subse-
quent « decays were registered. A position-sensitive parallel grid
avalanche counter (PGAC) was installed upstream of the DSSD. The
coincidence between signals from the PGAC and the DSSD enabled
implantation of ions to be distinguished from decays. Gamma rays
emitted from the EVRs and their daughters were detected by four
HPGe clover detectors (X-array) surrounding the DSSD [35]. The
absolute detection efficiencies of the X-array were deduced as
£y(70 keV) ~ 8%, £,(100 keV) ~ 19% and ¢,,(300 keV) ~ 14%.
The ‘software’ threshold of X-array was ~ 20 keV, and its resolu-
tion was ~ 2.8 keV (FWHM) at 100 keV. The data were recorded
by using the digital data acquisition system, consisting of 100-MHz
14-bit sampling ADCs, and analyzed using the CERN ROOT frame-
work [36].

3. Results
3.1. a-decay analysis

A part of the a-decay spectrum registered in the DSSD, for
the events following the implantation of EVRs within 90 s in the
same pixel, is shown in Fig. 1(a). The 6080(4) keV peak labeled
as 187mpp in Fig. 1(a)), with ~ 1.3 x 10° counts, was associated
with the known « decay of the 13/2F isomer in '8’Pb to 183"Hg.
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Fig. 2. Partial o-decay schemes of '87™Pb and '83¢Hg, and of y decays of low-lying states in '83Hg. The known data are shown in black and taken from Refs. [19-21,27]. The

positions of 3/2

and 5/2~ are given as proposed in Ref. [19], which is slightly different from Ref. [20] (see the evaluation of Ref. [27]). The new data from this study are

shown in red. The evaluated excitation energy of E* = 204(14) keV is from Ref. [29]. The A transition, albeit yet unobserved, must exist, it is shown by red solid line. The
possible decay paths of the 7/2~ level are shown by the red dashed lines, for the cases of A < 32(14) keV see Sec. 4.2 for details.

The main «-decay peak of the 1/2~ g.s. in 133Hg is also seen at
5905(4) keV.? The time distribution between the recoil implan-
tation and subsequent 6080-keV decay is shown in the inset of
Fig. 1(a). A half-life of T1,2("8”™Pb) = 17.9(2) s was deduced, in
good agreement with the literature value of 18.3(3) s [30].

The « decay of the daughter isotope '83Hg, following the 6080-
keV decay of 187Pb was investigated through the EVR — «;,(6080)
— o correlations. The obtained oy energy spectrum is shown in
Fig. 1(b), where the 5905(4)-keV decay from the 1/2~ g.s. of 183Hg
is clearly observed. This proves that the decay of the 13/2% iso-
mer in '83Hg proceeds, at least partially, via an IT cascade to the
1/2~ gs. of 183Hg (see the decay scheme in Fig. 2). This decay
must involve several transitions in a cascade, as a single 13/2%
— 1/27 transition would require an M6 and/or E7 multipolarity,
which would have a very long half-life (> 10'% years) for a re-
alistic energy range limited by the 204(14)-keV excitation energy
of the 13/2% isomer in '83Hg. We also point out that the study of
Misaelidis et al. [30] suggested that the lifetime of this state should
be longer than 8 ps.

By comparing the number of 6080-keV decays in Fig. 1(a) with
those of the 5905-keV peak (also including the two fine-structure
decays) from Fig. 1(b), an «-decay branching ratio of by ('83¢Hg)
= 23.7(7)% was deduced, which is in agreement with 25.5(15)%
from Refs. [27,37], but is discrepant with the evaluated value of
11.7(20)% [27]. The time distribution of the 5905-keV decay is pre-
sented in the inset of Fig. 1(b). The extracted value of T1/,(13¢Hg)
= 8.9(2) s is in agreement with the evaluated value of 9.4(7) s [27],
but more precise.

We performed simulations of the time distribution for the
5905-keV decay deduced from the experimental o — & correlation
method, by assuming the presence of possible intermediate iso-
meric state within the IT cascade and by varying its half-life. This
could be either the 13/2% state in '83Hg itself, or any other iso-
meric states in its IT decay. Based on the comparison between the
simulated and experimental decay distributions for the 5905-keV
line, an upper limit of ~ 0.1 s was deduced for such an inter-
mediate state. For longer half-lives, the two distributions become
incompatible, due to the presence of the growing component in
the simulated time distribution, which is absent in the experimen-
tal plot in the inset of Fig. 1(b). These suggest that the half-lives
of the 13/2% isomer itself and/or other additional states within its

2 There are also weak fine-structure a-decays of '33¢Hg, shown in the decay
scheme in Fig. 2, with the energies of 5819(10) keV and 5834(10) keV.
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ray energy spectrum [difference of the two spectra in panel (a)]. The inset of panel
(b) shows the background subtracted time distribution for the 105-keV delayed y -
ray transition in '83Hg within At[o,(6080)-y(105)] = 0-3000 ps. A least-squares
fit was performed for the exponential decay, and shown by the red line.

decay path should be less than 0.1 s, which will be important for
the discussion of the decay scheme in Sec. 4.

3.2. IT decay of 183MHg

Next, an «;(6080) — y correlation analysis was performed to
investigate the IT decay from the 13/2% isomer to the 1/27 gs.
in 83Hg. A time window of 0.6 < At(a;(6080)-y) < 1200 ps
was used to avoid contamination from prompt o, — ¥ coin-
cidences following the o decay of '872Pb to excited states in
its daughter. The corresponding spectrum is shown in black in
Fig. 3(a). The time-random background spectrum, shown in red in
Fig. 3(a), was obtained by applying a reverse time gate of —1200
< At(op(6080)-y) < —0.6 ps. The difference between these two
spectra is presented in Fig. 3(b), where the Hg Ky 4 X rays and a
y-ray peak at 105.2(2) keV are clearly seen. The inset of Fig. 3(b)
is a time distribution At[c(6080)-y(105)], after subtracting the
reverse counterpart. Based on a least-squares fit of this time dis-
tribution with an exponential function, a half-life of T1,,(105 keV)
= 290(30) ps was extracted. This long value explains the non-
observation of the IT cascade in the experiment of Misaelidis et
al. [30]. The 105-keV transition is a y decay observed for the first
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Fig. 4. The decay paths of the 13/2% isomers in odd-A 175~185Hg [13-15,19,22,27], the levels energies in '8 Hg are from Ref. [23]. The decay path of the 7/2~ level in '83Hg

is shown as in Fig. 2. Different structures/bands are shown in different colors, all near-spherical states are drawn in blue. In

175.177.179Hg, the g.s. and the first excited states

are proposed to be near-spherical and likely have the f7,, and hg> single-particle configurations, respectively [13,14,16]. In 181,183,185Ho  the prolate 1/27[521] g.s. bands
are shown in orange, while the 5/27[512] and 7/2~[514] prolate bands are plotted in red. The Weisskopf single-particle transition probabilities of the decays deexciting the

13/27 isomers are shown.

time in the expected IT cascade from !83MHg, its placement as
shown in Fig. 2 will be discussed in Sec. 4.

No y or Hg Ky g X ray was found in coincidence with the 105-
keV transition in a y — y coincidence analysis, indicating that all
other transitions in the expected 13/2* — 1/2 g.s. decay path
are either very low in energy (below the registration threshold)
and/or very strongly converted. Based on the known excitation en-
ergy of E*(13/2%) = 204(14) keV, the missing y-ray transitions in
the IT cascade should have a sum energy of 204(14) — 105.2(2)
= 99(14) keV. As will be discussed in Sec. 4, at least two extra
transitions, one depopulating the 13/2% isomer (shown by a solid
red arrow and denoted as A in Fig. 2) and another depopulat-
ing the 7/2~ level (shown by the dashed lines in Fig. 2) should
be present, thus it is highly likely that their energies are below
the Hg K-shell electron binding energy (83 keV [38]). Therefore,
we assume that all Hg Ky g X rays in Fig. 3(b) originate from the
internal conversion of the 105-keV transition. Under this assump-
tion, a K-shell internal conversion coefficient (ICC) ok exy(105 keV)
= 5.7(3) was deduced, by comparing the numbers of the Hg Ky g
X rays and the 105-keV y rays in Fig. 3(b), both normalized by
the respective y-ray detection efficiencies. This value establishes
an M1 multipolarity for the 105-keV transition, as the experimen-
tal value matches well to the theoretical M1 value of ag (M1) =
5.6 (ak tn(E1) = 0.3, ag w(E2) = 0.6 and ag n(M2) = 37) [39].
Such inference is also supported by the value of the total ICC,
Urot,exp(105 keV) = 6.3(6), derived from comparing the numbers
of 6080-keV « decays in Fig. 1(a) and the «(6080) — ¥ (105) cor-
relations in Fig. 3(b), after accounting for the detection efficiency
for this y ray. The theoretical total ICCs are oyorn = 0.37 (E1),
6.8 (M1), 4.5 (E2), 55.8 (M2) [39]. Considering the experimental
uncertainties of both ag exp and ot exp, We conclude that the 105-
keV transition has an M1 character.

4. Discussion
4.1. The decay path of the 13/2% isomer

In 183Hg, several prolate-deformed rotational bands have been
established experimentally [19-21], e.g., the 1/27[521] g.s. band
and a “floating” 7/27[514] band, which are also known in the
neighboring deformed nuclides, e.g., 18118 Hg and 181:183pt [27].
Selected low-lying levels from these bands, of possible relevance
to the decay of the 13/2% isomer, are shown in Fig. 2. In previous
studies, a prompt 104.9(2)-keV y ray was assigned as the 9/2~
— 7/27 M1/E2 member of the 7/27[514] band [19,20]. Having

similar energy and multipolarity with the 105.2(2)-keV transition
observed in the present work, we assume that they are the same
transition. Therefore, the most likely scenario is that the prompt
105-keV 9/2~ — 7/27[514] decay is preceded by an unobserved
13/2% — 9/2~ transition from the 290-us isomer, denoted as A in
Fig. 2.

Given the proposed placement, the multipolarity of the A de-
cay should be M2, possibly, mixed with E3. Furthermore, an upper
energy limit of A < 83 keV can be established, as a higher value
would allow a K-shell conversion for this transition (Hg K-shell
electron binding energy is 83 keV [38]), with a high K-conversion
coefficient, e.g. o (85 keV, M2) = 77 [39]. However, this is ruled
out by the amount of Hg K X rays in Fig. 3. Based on the Weisskopf
single particle half-life estimates [38], the lower half-life limit of
~ 56 ms for a pure unhindered 83-keV E3 transition should be
four orders of magnitude longer than ~ 5 ps for a pure unhin-
dered M2 83-keV decay, which limits an E3 admixture for the A
transition. As a relevant example, we refer to the pure E3 13/2%
— 7/2~ transition with a comparable energy of 65 keV in 18 Hg
(see Fig. 4), which has a half-life of 21.6(15) s and is strongly hin-
dered (B(E3) = 0.0019(4) W.u.).

Based on the same reasoning, a direct E3 A + 105 keV, 13/2F
—7/27[514] transition, with an energy range of 105-188 keV, can
also be ruled out.

4.2. Possible decay paths of the 7/2~ state at 99 — A keV

The decay of the 7/27[514] state at 99(14) — A keV (see
Fig. 2) is an opened question. None of the previous prompt y-
decay studies [19-21] were able to establish its decay path and
excitation energy. Furthermore, slightly different placements of the
3/27 and 5/2~ excited states in the 1/27[521] band were pro-
posed in Refs. [19,20], (see the discussion in the evaluation [27]).
In Fig. 2, they are shown as proposed in the adopted level scheme
in Ref. [27].

If A > 32(14) keV, the 7/2~ will be below the known 3/2~
state at 67 keV, thus a direct M3 7/2~ — 1/2~ transition with
an energy of less than 67 keV is possible. This scenario occurs
in 1810s and !83Pt (see supplementary material [40]), where M3
decays with comparable energies of 49 and 35 keV become iso-
meric, with half-lives of 2.7(1) min and 43(5) s, respectively. Such
a scenario for 83 Hg should be ruled out based on our estimate of
the upper half-life limit of 0.1 s, derived from o — ¢ correlations.
However, if some additional low-lying state(s) exist(s) below the
7/2~ state, as e.g. the 3/2~ level at 26 keV in '8°Hg (Fig. 4), then
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Fig. 5. Right panel: The schematic representation of the spherical single-particle neutron orbitals for a modified harmonic oscillator [38]. The orbitals involved in the M2-
decays in different shells are shown in red. Left panel: The M2 transition probabilities in Weisskopf units for the 7/2~, 9/2%, 11/2~ and 13/2% isomers in the even-Z, odd-N
isotopes [27,29]. The lower limits for B(M2) in '81.183Hg from this work are shown with red stars. In the N = 82-126 valence space, they are divided into band A and band

B (see Sec. 4.4 for details).

the 7/2~ state can decay by a prompt, strongly converted path to
the 1/27 ground state. Such a decay would be unobservable in the
present experiment, due to strong internal conversion and low y-
ray detection efficiency at such energies.

If A < 32(14) keV, the 7/2~ state will be above the 3/2~
state at 67 keV or even above the 5/2~ state at 86 keV. In this
case, the respective E2 7/27 — 3/27 and M1 7/2— — 5/27 de-
cays will be K-hindered, due to their v =AK3) — A(2) =1 and
v = AK(3) — A(1) = 2 characters, respectively, where AK is the
K-value difference between the two bandhead states, and A is the
transition angular momentum [10]. Using the expressions given in
Sec. 6 of Ref. [10], a typical hindrance factors of ~ 400 and 8 x10°
can be deduced for these transitions. Therefore, the half-lives will
be ~ 80 s and ~ 2 ps for the representative energy range of 20-
30 keV. Indeed, such M1 transitions in 1720s and 3Pt are strongly
hindered (B(M1) ~ (4—7) x10~> W.u.) (see supplementary mate-
rial [40]). Such long values, along with low y-ray energies and
high internal conversion could explain non-observations of these
transitions in 183Hg.

Despite the usage of the digital data acquisition system in the
present experiment, which allowed a search for delayed y-y co-
incidences, no evidence for such decays, or for possible follow-up
67- and 86-keV decays was found. This could be explained by the
amount of statistics in our study, as e.g. only ~ 10 y(105)-y(67)
coincidences would be expected in the present study after ac-
counting for the internal conversion and y-ray registration effi-
ciency.

Future experiments with dedicated low-energy y-ray and inter-
nal conversion electron detection, similar as applied for the study
of 18Pb and 185Hg in Ref. [23] can help to resolve this issue.

4.3. Systematics of 13/2% — 9/2~ isomeric M2 transitions in odd A
175-183 g isotopes

Based on the upper limit of 83 keV for the A transition and its
measured half-life of 290(30) ps, a lower limit for the Weisskopf
single-particle transition probability, B(M2, 83 keV) = 0.018 W.u,,
was deduced. For comparison and to show the sensitivity to A,
a value of B(M2, 20 keV) = 0.031(3) W.u. can be deduced if
A = 20 keV. The two values suggest a possible hindrance of

B(M2,175177.179 ) . .
ROy = 6-12 for the A transition relative to the typ-

ical values of B(M2) ~ 0.174-0.198 W.u. in 17>:177.179Hg  shown in
Fig. 4.

We remind that previous studies at the RITU gas-filled sep-
arator [13,14,16] considered the 13/2% — 9/2~ transitions in
175.177.179Hg  as proceeding between the nearly spherical (or,
weakly-oblate) initial isomeric states originating from the viq3,;
orbital and vhg,, spherical final states. According to the authors,
small shape change could be responsible for their moderate hin-
drance with typical values of B(M2) as given in Fig. 4. However, as
will be shown in Sec. 4.4, we will argue that such weakly-hindered
B(M?2) values should be considered as a norm of the neutron
single-particle M2 transitions between near-spherical states in the
N = 82-126 major shell.

In contrast to 172:177.179Hg in 183Hg the 9/2~ final state is a
member of a strongly deformed rotational 7/27[514] band (shown
in red in Fig. 4), with B8, ~ 0.25 [21]. This strong shape change
between the presumably spherical 13/2" state and the strongly-
deformed 9/2~ state is most likely the reason for the possible
stronger hindrance, deduced in the present study. This suggests
that the 13/2% state in '83Hg is most probably a shape isomer.

As a relevant example, we quote the case of '85Hg, where
the decay from the nearly spherical® 13/2%1 state to the prolate
7/27[514] bandhead (shown in red in Fig. 4) is also strongly hin-
dered, with B(E3) = 0.0019(4) W.u. [22,23,27].

In the neighboring '8'Hg isotope, a 0.48(2)-ms 13/2% isomer
was identified in the study at the SHIP separator [18]. Two pos-
sible scenarios for the decay from this isomer, via a cascade of
three A — 90.3-keV (M1) — 71.4-keV (E2) transitions (see Fig. 3
of Ref. [18]), were considered, with an upper energy limit of A <
83 keV, similar to the case of '83Hg. The possibilities of either an
E3 or M2 multipolarity for the delayed A transition were dis-
cussed, any of which would explain the isomeric nature of this
13/2% state; the authors opted for the E3 multipolarity as the
most likely [18]. However, we now propose that, by a strong anal-
ogy with our new results for '83Hg, the M2 multipolarity should

3 The near-sphericity of the 13/27 state is confirmed both by its charge radii and
magnetic moment measurements, see Refs. [24-26].
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be considered for the A decay in '8'Hg. In this scenario (ear-
lier discarded in Ref. [18]), the 90.3-keV decay should represent
the previously unobserved 91-keV 9/2— — 7/2~ transitions within
the 5/27[512] band [17]. The 71.4-keV decay should then proceed
to some new low-lying state in !3'Hg, but no solid conclusions
can be made based on currently available data. A lower limit of
B(M2,83 keV, 18THg) > 0.01 W.u. was now deduced and is shown
in a bracket as tentative in Fig. 5 due to the indirect nature of the
M2 multipolarity deduction. The possible hindrance can also be
explained by the shape change between initial and final states, as
the 5/27[512] band was also proposed to be strongly prolate [17].
Future y-ray and internal conversion electron spectroscopy exper-
iments as mentioned for !83Hg in Sec. 4.2 can also help to clarify
the decay path.

4.4. The systematics of B(M2) for neutron transitions across the
nuclear chart

The right panel of Fig. 5 shows schematically the shell-model
orbitals for a modified harmonic oscillator potential, taken from
Appendix H of Ref. [38]. The orbitals which might be responsible
for single-particle M2 isomeric transitions are shown in red. The
B(M?2) values of all known (to the best of our knowledge) isomers,
involving these transitions, are shown in the left panel.

In the N = 82-126 major shell, which is of our main interest,
23 13/2% isomers deexciting to the 9/2~ states by M2 transitions
are known. The B(M2) of these decays are shown by black (blue
for 175:177.179Hg jsotopes and red for 181-183Hg) symbols in the left
panel of Fig. 5. They can be divided into bands A and B with dis-
tinctly different B(M2) values. The B(M2) values are ~ 0.2(1) W.u.
in Band A, while nearly two orders of magnitude smaller in Band
B. In Band A, the 13/2% initial and 9/2~ final states are of pre-
dominantly spherical or nearly spherical single particle character,
as e.g. in 17>177.179Hg with no or only a small shape change. So
the M2 transitions in Band A are actually normal. In contrast, in
Band B these isomers are assigned as predominant neutron-hole
states (Ui1_31/2)' while the configurations of the 9/2~ final states

are dominated by |vfs2 ®2*) weakly mixed with ‘vhg/lz ®0+>,

as e.g. in 297Hg [41]. The M2 transition is only allowed in the lat-
ter component, resulting in extremely strong hindrances for such
decays [41-43].

The 13/2T — 9/2~ M2 transitions in '81:183Hg are situated in
between Bands A and B in Fig. 5, their possible hindrance could be
caused by shape changes. The decays in 8%191pt are weakly hin-
dered relative to Band A, which could be explained by the shape
change between triaxial initial and prolate final states [44-47].

In other major shells shown in Fig. 5, the M2 transitions deex-
citing the 7/2~, 9/2*, 11/2~ and 15/2~ isomers in even-Z, odd-N
isotopes have B(M2) values similar to those in Band A for the
normal 13/27 — 9/2~ decays, with the bulk of data around 0.1-
0.2 W.u. It appears that a uniform weak hindrance of ~ 5-10
relative to the Weisskopf estimate is a common feature for all neu-
tron M2 transitions across the nuclear chart. This small hindrance
was usually discussed in the literature as being possibly due to ex-
change current, core polarization, impure initial and/or final states,
or relatively small shape changes between the initial and final
states, see Refs. [13,14,16,48-51]. However, this hindrance might
be a norm as the Weisskopf single-particleestimate was originally
given in terms of proton transition [52].

5. Summary
In the present work, the decay of the 13/2% isomeric state in

183Hg populated in the o decay of the parent 13/2% isomer in
187ph was identified for the first time. The half-life of this isomer
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in '8Hg was deduced to be 290(30) ps, and its decay proceeds
via a presumably delayed M2 transition (with yet unknown en-
ergy, denoted as A in the text) to the known 9/2~ member of the
strongly prolate deformed 7/27[514] band, followed by a known
prompt 105-keV 9/2~ — 7/2~ transition. A lower limit of B(M2,
A) > 0.018 W.u. was deduced, which suggests a possible large
hindrance with respect to the actually normal 13/2% — 9/2= M2
transitions in 17>177:179Hg, due to a substantial shape change be-
tween the parent and daughter states in '83Hg.

Based on the analogy with !83Hg, tentative evidence for a com-
parably strong hindrance is also proposed for '3'Hg, thus both
13/27% isomers in these nuclei could be classified as shape isomers.

The B(M?2) systematics of normal neutron transitions across the
nuclear chart is presented, which demonstrates the presence of a
weak but global hindrance of ~ 5-10 (B(M2) ~ 0.1-0.2 W.u.) rel-
ative to the Weisskopf single-particle unit. Any larger hindrance
factors could be related to a strong shape change in the decay
and/or impure initial and/or final states, as for nuclei in Band B
of Fig. 5.
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