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An α- and β-decay study of a pure source of laser-ionized and mass-separated 182Au (Z = 79, N = 103) was
carried out at the ISOLDE Decay Station at the ISOLDE-CERN facility. Detailed γ -γ analysis following EC/β+

decay of 182Au was performed, and the level scheme of daughter nuclide 182Pt was considerably extended via
the identification of 125 new levels and 336 new γ -ray transitions. The nonexistence of a relatively long-lived
isomeric state in 182Au and influence of the pandemonium effect on β-decay feeding intensities are discussed.
Differences in feeding for two coexisting bands in 182Pt were investigated. The α-decay scheme of 182Au was
extended and an α-decay branching ratio of 0.129(11)% was measured. Hindrance factors for α-decay branches
were calculated and Iπ = (1+, 2+, 3+) assignment for the 178Ir ground state was proposed.

DOI: 10.1103/rf8d-v286

I. INTRODUCTION

Neutron-deficient gold (Z = 79) nuclei manifest various
ground state (g.s.) shapes along the isotopic chain. A sudden
shift from nearly spherical ground states in 187Au (N = 108)
and heavier isotopes to a strongly deformed prolate shape in
183−186Au (N = 104–107) has been known since the 1970s
[1–4]. Recent laser spectroscopy studies [5–9] extended the
systematics of changes in mean-squared charge radii up to
176Au (N = 97). The trend of strong g.s. deformation was
observed to continue in 180−182Au, whereas the ground states
of 176,177,179Au return back to the spherical trend, similarly
to A � 187 gold isotopes [5,9]. Shape coexistence in gold
isotopes has also been confirmed by extensive in-beam and
decay spectroscopy studies [10–16].

Electron capture (EC)/β+-decay studies of gold isotopes
allow for probing the shape coexistence in the daughter
platinum (Z = 78) nuclei. The systematics of low-lying lev-
els in the neutron-deficient platinum isotopes around N =

104 show two coexisting configurations [17–19]. Ground
states of 188Pt and heavier isotopes are weakly oblate,
while the prolate configuration state lies higher in energy.
However, for 178−186Pt, the strongly deformed configuration
becomes the g.s., see Fig. 57 in Ref. [19]. Platinum nuclei
have also been investigated in several in-beam spectroscopy
studies, producing information on a coexistence of two
bands [20–25].

182Au and its EC/β+ decay daughter 182Pt have been the
main focus of several α- and β-decay spectroscopy studies
in the past [26–30]. The nuclide 182Au has a dominant β-
decay branch (bβ = 99.87(5)% [30], bβ = 99.962(8)% [31]
and bβ ≈ 99.96% [26]) and an evaluated half-life of T1/2 =

15.5(4) s [32]. Only one long-lived state is known in 182Au.
Its spin and parity Iπ = (2+) was first proposed in the nuclear
orientation [33] and decay spectroscopy [34] studies and fur-
ther confirmed by the laser spectroscopy measurement of the
hyperfine structure [6]. However, a 5− isomer in 182Au was
proposed in the recent NUBASE evaluation [35].

In the latest β-decay study, the 182Au nuclei were pro-
duced in a fusion-evaporation reaction 149Sm(37Cl, 4n) 182Au
at the Australian National University [36]. Several low-spin
excited states in 182Pt were identified up to an excitation
energy of ≈1.9 MeV. The spin and parity Iπ assignment for
several nonyrast states was based on γ -γ angular correlation
and conversion coefficient measurements. In the same study,
a band-mixing model was applied to low-lying yrast and
nonyrast states, showing mixing between a less and a more
deformed band together with the γ -vibration band.

In the present paper, we report on the investigation of
excited states in 182Pt and 178Ir via EC/β+ decay and α

decay, respectively, of the pure sample of laser-ionized and
mass-separated 182Au. A large quantity of spectroscopic data
have been obtained, allowing the extension of both 182Au β-
and α-decay schemes. The β-decay feeding intensities and
hindrance factors were evaluated, and the obtained results are
discussed.

II. EXPERIMENT

The experiment was performed at the ISOLDE facility
at CERN [37]. Nuclei of 182Au were produced in spallation
reactions induced by a 1.4-GeV proton beam impinging onto a
50-g/cm2-thick UCx target. The beam provided by the Proton
Synchrotron Booster consisted of 2.4-µs-long pulses with a
repetition time of 1.2 s grouped into a so-called supercycle
consisting of around 25 pulses. Because of the high produc-
tion rate, only two proton pulses from each supercycle were
used. The average beam intensity was ≈0.17 µA. Addition-
ally, to avoid saturating the detection system, the intensity of
182Au was further reduced by opening the ISOLDE beam gate
only for 2 s with a delay of 0.4 s after the impact of each
proton pulse.

Produced nuclei diffused through the target heated to
≈2000 ◦C and effused towards the hot cavity of Resonance
Ionization Laser Ion Source (RILIS) [38] through the transfer
line. Gold atoms were selectively ionized inside this cavity
using a three-step resonance ionization scheme by laser beams
with wavelengths of 267.6, 306.5, and 673.9 nm (see Fig. 6
in Ref. [6]). Ions were extracted from the ion source by a
30-kV electrostatic potential and sent through the General
Purpose Separator, separating them with respect to their mass-
to-charge ratio A/q = 182. The combination of selective laser
ionization and mass separation allowed a high-purity sample
of 182Au to be obtained.

The beam of 182Au was implanted into a movable alu-
minized mylar tape placed inside a vacuum chamber of the
ISOLDE Decay Station (IDS) [39]. The tape was automat-
ically moved every supercycle (approximately every 30 s)
to remove long-lived daughter activities. Inside the vacuum
chamber, close to the implantation point, an array of seven
silicon PIN diodes with a thickness of 300 µm was placed to
measure conversion electrons and α particles. It consisted of
one 15 × 15 mm2 detector and six 7 × 7 mm2 detectors placed
above and below the larger one. Four HPGe Clover detectors
for γ -ray detection and two plastic scintillators for β-particle
detection were placed outside the vacuum chamber.

024328-2
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FIG. 1. Singles γ -ray spectrum from the measurement of 182Au. Peak energies are labeled in keV. Transitions following EC/β+ decay
of 182Au have no special symbol, transitions labeled with (♣) and (�) follow EC/β+ decays of 182Pt and 182Ir, respectively. These isobars
were produced in the β decay of 182Au only; no direct production was possible. The remaining part of the spectrum is shown in Fig. 1 in
Supplemental Material [40].

Energy calibration of HPGe detectors was performed us-
ing 152Eu, 60Co, 137Cs, and 241Am sources. The resulting
energy resolution using add-back for four crystals within
the same Clover detector was 2.4 keV for 1085-keV (full
width at half maximum) and 3.7 keV for 3094-keV transi-
tions in 182Pt. The absolute detection efficiency calibration
was performed with 152Eu and 241Am sources of known
activity.

The α-particle detection efficiency of the silicon array was
obtained using the known α(5479 keV)-γ (148 keV) coinci-
dence in 181Au α decay, which was measured during the
same experiment. The comparison of the number of 148-keV
γ rays from the singles γ -ray spectrum and from the α-γ
coincidences gated on the 5479-keV α line [30] resulted in
the α-particle detection efficiency of 3.8(4)%. This value was
reproduced by a GEANT4 simulation, which was then used to
obtain the detection efficiency curve for conversion electrons.
The energy resolution of the silicon array was 11 and 24 keV
for conversion electrons (at 377 keV) and α particles (at
5870 keV), respectively. All signals from the detectors were
recorded in a triggerless mode using the Pixie-16 250 MHz
[41] digital data acquisition system.

III. RESULTS

A. Introduction to the data analysis

A singles γ -ray spectrum with labeled known transitions
following the β decay of 182Au and decays of its daughter
products is shown in Fig. 1. Based on the number of counts of
the 154.9-keV γ ray (2+

1 → 0+

1 transition in 182Pt), corrected
for the γ -ray detection efficiency and absolute transition in-
tensity of 43.8(9) per 100 β decays determined in this work
(see Sec. III D), there were about 3.3(1) × 108 β decays of
182Au nuclei in the chamber. A small contamination from the
β decay of surface-ionized 182Tl was observed and its amount

(≈1.7 × 105 β decays) was estimated in the same way using
the 351-keV1 γ -ray transition in 182Hg [42].

The γ rays belonging to 182Pt were identified using the
γ -γ coincidences with previously known transitions and with
platinum Kα,β x rays. The prompt coincidence time window
between two signals was set to 200 ns. Background subtrac-
tion of coincidence spectra was performed by gating on the
close region on both sides of the peak of interest. Coincidence
γ -ray spectra gated on the 154.9-keV 2+

1 → 0+

1 and 264.6-
keV 4+

1 → 2+

1 transitions are shown in Figs. 2 and 3.
We note that in the case of transitions observed both in

our work and Ref. [36], our energies are systematically lower.
The differences are usually around 0.5 keV and up to 1 keV
for the 1386-keV transition deexciting the level at 1541 keV.
To test our calibration, we compared the measured energies of
the natural background radiation and γ rays from 182Au decay
chain with the literature values. The differences were within
0.2 keV for 40K (1460.851 keV) [43] and 182Ir (273.5 and
912.1 keV) [32], and within 0.3 keV for 214Bi (1764.491 keV)
[44] and 208Tl (2614.511 keV) [45] from their tabulated
values.

Relative intensities of transitions following the 182Au β de-
cay were determined from the singles γ -ray spectrum where
possible; otherwise, they were deduced from γ -γ coinci-
dences. For selected intense γ rays, for which contamination
was ruled out, there was a discrepancy of up to 12% in
intensities obtained by both approaches. The most probable
cause is γ -γ angular correlations. Because of the unknown
multipolarity of most transitions, a correction was not pos-
sible, therefore, an additional uncertainty of 12% was added
to intensities obtained from γ -γ coincidences (see Table I).
Intensities were normalized to the most intense 155-keV line
in 182Pt. A correction for the summing of γ -rays in cascades
was performed.

1The absolute intensity of ∼76 per 100 decays was estimated from
published transition intensities from Ref. [42].
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FIG. 2. Low-energy part of coincidence γ -ray spectra with the gate on (a) the 155-keV 2+

1 → 0+

1 transition, (b) the 265-keV 4+

1 → 2+

1

transition. AP denotes the artificial peak from Compton scattering.

B. Half-life of 182Au

To determine the half-life of 182Au, a measurement was
done with no tape movement at the end of the implan-
tation. Several decay curves were constructed by gating
on the most intense γ -ray transitions in 182Pt. Background

subtraction was performed in the same way as for γ -γ
coincidence spectra. An exponential function plus a con-
stant background was used to fit the time distributions. An
example of the decay curve obtained by gating on the 155-
keV peak is shown in Fig. 4. A value of T1/2 = 16.39(14) s
was obtained for this transition. The weighted average of

FIG. 3. High-energy part of coincidence γ -ray spectra with the gate on (a) the 155-keV 2+

1 → 0+

1 transition and (b) the 265-keV 4+

1 → 2+

1

transition.
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TABLE I. A partial list of levels and transitions following the
EC/β+ decay of 182Au. Ei and E f are the respective energies of the
initial and final states of the γ -ray transition with the energy Eγ .
Values of the initial and final spin and parity Iπ

i , Iπ
j are taken from

Refs. [22,36] or deduced from the analysis of deexcitation paths (see
Sec. III C 1). Tentative transitions and levels are written in italics.
Relative γ -ray intensities Iγ are normalized to the intensity of the
154.9-keV transition. Values determined from γ -γ coincidences are
indicated with an asterisk. For the absolute intensity per 100 decays,
multiply by 0.438(9). The full table is in Supplemental Material [40].

Ei (keV) Iπ
i E f (keV) Iπ

f Eγ (keV) Iγ

154.9(2) 2+

1 0 0+

1 154.9(2) 100

419.5(3) 4+

1 154.9(2) 2+

1 264.6(2) 45.7(19)

499.5(3) 0+

2 154.9(2) 2+

1 344.6(2) 7.44(32)

0 0+

1 499.5(3)a 3.82(43)

667.5(2) 2+

2 154.9(2) 2+

1 512.5(2) 28.2(35)*

0 0+

1 667.5(2) 9.64(41)

774.8(3) 6+

1 419.5(3) 4+

1 355.3(2) 1.18(16)*

855.6(1) 2+

3 499.5(3) 0+

2 356.1(2) 1.63(23)*

419.5(3) 4+

1 436.1(2) 2.98(13)

154.9(2) 2+

1 700.8(2) 1.18(16)*

0 0+

1 855.6(2) 17.20(73)

942.2(2) (3+

1 ) 667.5(2) 2+

2 274.8(2) 0.47(10)*

419.5(3) 4+

1 522.6(2) 1.96(26)*

154.9(2) 2+

1 787.2(2) 16.68(65)

1033.5(2) (4+

2 ) 667.5(2) 2+

2 366.0(2) 1.43(19)*

419.5(3) 4+

1 614.0(2) 5.72(24)

154.9(2) 2+

1 878.5(2) 0.90(12)*

1151.2(2) (03) 667.5(2) 2+

2 483.6(2) 0.48(8)*

154.9(2) 2+

1 996.3(2) 1.38(19)*

1181.4(1) (24) 855.6(1) 2+

3 325.9(2) 0.92(13)*

499.5(3) 0+

2 681.8(2) 0.09(3)*

419.5(3) 4+

1 761.8(2) 0.37(6)*

154.9(2) 2+

1 1026.5(2) 8.08(34)

0 0+

1 1181.4(2) 0.45(5)

1239.5(1) 4+

3 942.1(1) (3+

1 ) 297.3(2) 0.14(3)*

855.6(1) 2+

3 383.9(2) 0.98(14)*

774.8(3) 6+

1 464.7(2) 0.37(6)*

667.5(2) 2+

2 572.6(5) 0.35(11)*

419.5(3) 4+

1 820.0(2) 0.95(4)

154.9(2) 2+

1 1084.6(2) 3.34(14)

aObserved only in the spectrum of conversion electrons.

half-life values from several intense γ -ray transitions shown
in Table III in the Supplemental Material [40] is T1/2 =

16.43(12) s. This value is more precise than the literature
value of T1/2 = 15.5(4) s [32] and agrees with it within 2σ .
The same half-life for all measured transitions confirms that
only a single state in the parent 182Au was observed in our
study.

FIG. 4. Time distribution of the 155-keV transition. A sum of an
exponential function and a constant background (red line) was used
in the fitting procedure.

C. β decay of 182Au

1. γ-ray analysis

In total, we identified 147 excited levels and 386 transitions
in 182Pt, of which 125 levels and 336 transitions are new.
A summary of deduced levels and observed transitions with
their relative intensities is in Table I. Figures 5 and 6 show the
lowest parts of the deduced level scheme.

Almost all γ -ray transitions and all excited states reported
in Ref. [36] were confirmed. The only exception is the 644-
keV transition, which was tentatively placed between the
1419- and 775-keV levels in Ref. [36]. Based on γ -γ coin-
cidences shown in Fig. 7, we placed the 644-keV transition
between the 1311- and the 668-keV levels in the level scheme,
see Fig. 5. If the previous placement was correct, then the
355-keV transition would be in coincidence with the 644-keV
γ ray, but such coincidence was not observed, see Fig. 7.

We also confirm two tentative 1310.9- and 274.8-keV tran-
sitions deexciting the 1311- and 942-keV levels, respectively,
reported in Ref. [28]. Five more lines reported as unplaced
from this study with energies of 296.4, 865.3, 900.4, 1054.4,
and 1203.5 keV were observed and placed in the level scheme,
see Fig. 5.

The 6+ 1863.4- and 5− 1670.7-keV levels (see Fig. 4 in
Supplemental Material [40] and Fig. 6, respectively), previ-
ously identified in the in-beam study [22], were also observed
and placed into the β-decay scheme. This includes the 1444.0-
and 1088.1-keV transitions deexciting the former and the
431.2-keV transition depopulating the latter level.

Three tentative γ -ray transitions connecting excited states
directly to the g.s. with energies of 1181.4, 1568.0, and
1753.2 keV were identified as doublets. The intensities of
these transitions were determined as the differences in the
intensities from the singles γ rays and the intensities of their
doublet counterparts obtained from the γ -γ coincidences.
The energies of these transitions could not be determined
directly, and therefore we consider them to be the same as
the respective level energies, see Figs. 5 and 6 and Fig. 4 in
Supplemental Material [40].
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FIG. 5. Partial level scheme of excited states in 182Pt populated in EC/β+ decay of 182Au, part 1/9. Transitions and levels highlighted in
blue are newly observed. The spin and parity values are taken from Refs. [36] or deduced from the deexcitation paths. The 500-keV transition
marked with an asterisk was observed only in the spectrum of conversion electrons. The dashed line represents a tentative transition. The whole
level scheme is shown in Figs. 2–10 in the Supplemental Material [40].
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FIG. 6. Partial level scheme of excited states in 182Pt populated in EC/β+ decay of 182Au, part 2/9. Transitions and levels highlighted in
blue are newly observed, and the ones in green are known from the in-beam study [22]. The spin and parity values are taken from Refs. [22,36]
or deduced from the deexcitation paths. The dashed line represents a tentative transition. The whole level scheme is shown in Figs. 2–10 in the
Supplemental Material [40].
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FIG. 7. Background-subtracted γ -rays in coincidence with the
643.5-keV transition. A small peak at 265 keV is caused by the
presence of the 646-keV transition in the gated region. AP denotes
the artificial peak caused by Compton scattering.

Because of the prompt character of γ rays observed in
182Pt, we only consider the E1, M1, E2, or M2 multipolarities
for transition energies below 1.3 MeV, and we also include
E3 for higher energies. This allows us to tentatively estab-
lish I = (2, 3) for levels at 1568.0, 2005.7, and 2075.8 keV
and I = (1, 2) for 1721.9-, 1753.2-, and 1965.5-keV states.
Similarly, spins of other levels were tentatively restricted to
specific ranges based on the connecting transitions to levels
with known Iπ , see Table I in the Supplemental Material [40].

The intensity of the 513-keV transition (see Fig. 5) could
not be determined directly from the singles γ rays (Fig. 1) or
the coincidence spectra because of its vicinity to the annihi-
lation peak at 511 keV. All transitions feeding the 668-keV
state deexcite via the 668-keV γ rays or the 513-155-keV
cascade. We compared the intensity of these transitions in
coincidences gated on the 155- and the 668-keV transi-
tions. This resulted in the intensity ratio for the 513- and
668-keV γ rays and, subsequently, the intensity of the
513-keV line.

2. Conversion electron analysis

The conversion electron spectrum shown in Fig. 8 was
analyzed to search for E0 transitions. The intensity of the
499.5 keV (0+

2 → 0+

1 ) E0 transition, necessary for the β-
decay feeding determination (Sec. III D), was obtained from
the number of detected K electrons after correction for the
CE detection efficiency of the silicon detectors (see Table I).
Other shells were accounted for by the theoretical fraction of
K conversion from the BrIcc [46].

For the 455-keV transition (2+

5 → 2+

3 ), only conversion
electrons were observed in previous studies [28,36] with no
corresponding γ rays. Thus, E0 multipolarity was assumed

for this transition and lower limits on K internal conversion
coefficient (ICC) were reported (see Table II). We observed K

conversion electrons from this transition together with a weak
γ -ray transition of the corresponding energy, and therefore a
mixed E0 + M1 + E2 multipolarity can be attributed to the
455.4-keV transition. The resulting ICC αK is much higher
than the theoretical value for the M1 multipolarity, pointing to
a strong E0 component, confirming the previous suggestion.

We determined ICCs for two other transitions, the 513-keV
2+

2 → 2+

1 , and the 701-keV 2+

3 → 2+

1 , which are summarised
together with previous values in Table II. An E0 component
has been attributed to both transitions. Previously reported
values of K ICCs for the 513-keV γ ray are mutually
exclusive (>0.165 [28] and 0.044(6) [36]), and our value
αK = 0.055(7) agrees within uncertainty with the latter one.
Good agreement is also obtained with the value αref

K (513) =

0.062(13) from the ENSDF evaluation [47], where the CE in-
tensity from Ref. [28] and γ -ray intensity from Ref. [36] were
combined. The existence of the E0 component of the 513-keV
transition has already been questioned in Ref. [36] because
of the measured ICC being smaller than the theoretical value
for the M1 multipolarity. Our values are larger but consistent
within uncertainties with the theoretical values, see Table II,
for both the K and L conversion. Because of this, we cannot
confirm the presence of the E0 component in this transition.
This is in agreement with the 486-keV 2+

2 → 2+

1 transition in
184Pt, where also no E0 component could be reliably assigned
[48].

In the case of the 701-keV transition, our conversion
coefficient αK = 0.78(13) agrees with both reported values
(0.73(22) [28] and >0.27 [36]) within uncertainty. Its value is
much larger than the theoretical ICC for the M1 multipolarity,
confirming the E0 component of this transition. Previously
reported mixing ratio δ(E2/M1, 701) = 0.7+1.0

−0.3 [36] allows
us to extract the q2

K (E0/E2) mixing ratio for this transition.
Using the following equation [49]:

q2
K =

α
exp
K (1 + δ2) − αK (M2)

δ2αK (E2)
− 1, (1)

where αK (M1) and αK (E2) are theoretical ICCs taken from
the BrIcc [46], we obtained the value of q2

K = 258+460
−160. Such

a high q2
K value indicates a mixing between two coexisting

bands of different deformation built on top of the 0+

1 and 0+

2
states, as was suggested in Ref. [36].

TABLE II. Experimental internal conversion coefficients αexp of transitions in 182Pt for given atomic shells compared with previously
published values αref from Refs. [28,36] and theoretical values αth calculated using BrIcc [46].

E (keV) Ei (keV) E f (keV) Ji → J f Shell αexp αref [28] αref [36] αth(M1) [46] αth(E2) [46]

455.4(3) 1311.0(1) 855.6(1) 2+

5 → 2+

3 K 14.8(65) >1.7 >0.32 0.0824(12) 0.0225(4)
512.5(3) 667.5(3) 154.9(2) 2+

2 → 2+

1 K 0.055(7) >0.165a 0.044(6)a 0.0604(9) 0.0173(3)
L 0.010(3) 0.00972(4) 0.00458(7)

700.8(2) 855.6(1) 154.9(2) 2+

3 → 2+

1 K 0.78(13) 0.73(22) >0.27 0.0269(4) 0.00892(13)

aThe value of αK = 0.062(13) was obtained in the ENSDF [47] evaluation combining the CE intensity from Ref. [28] and γ -ray intensity from
Ref. [36].
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FIG. 8. Conversion electrons measured by the silicon PIN ar-
ray. Peaks are marked with transition energy and the corresponding
atomic orbital. The 500-keV transition observed only in the spectrum
of conversion electrons is marked with an asterisk.

D. β-decay feeding intensities

Total transition intensities were calculated using internal
conversion coefficients from this work, or they were taken
from BrIcc [46], see Table I in the Supplemental Material
[40]. As was previously mentioned, prompt character of γ -ray
transitions limits their multipolarity to E1, M1, E2, M2, or E3
for higher energies. For transitions with unknown multipolar-
ity, average values of ICCs for E1 (αtot,E1) and M2 (αtot,M2)
multipolarity were used as they are the smallest and the largest
among the considered ICCs, respectively. The uncertainty of
the average value was calculated as half of the difference
between these two ICCs to cover the whole range of possible
values.

Table III contains values of β-decay feeding intensities to
excited states in 182Pt calculated from the balance of total
transition intensities feeding and depopulating each level. The
relative feeding of each state was normalized to the total

TABLE III. Values of β-decay feeding intensities Iβ into excited
levels of 182Pt and corresponding log f t values for allowed and the
first forbidden nonunique decay (log f0t ) and for the first forbidden
unique decay (log f1t ). The values of spin and parity are taken from
Refs. [22,36] or deduced from the analysis of deexcitation paths
(marked with an asterisk). The full table is in the Supplemental
Material [40].

E (keV) Iπ Iβ (%) log f0t log f1t

154.9(2) 2+

1 10.9(21) 6.09(10) 8.18(10)

419.5(3) 4+

1 7.2(10) 6.19(7) 8.25(7)

499.5(3) 0+

2 1.58(30) 6.84(10) 8.89(10)

667.5(2) 2+

2 8.9(16) 6.04(9) 8.08(9)

774.8(3) 6+

1 0.22(8) 7.61(20) 9.64(20)

855.6(1) 2+

3 4.63(52) 6.27(6) 8.29(6)

942.2(2) (3+

1 ) 4.21(40) 6.29(4) 8.30(4)

1033.5(2) (4+

2 ) 2.03(20) 6.56(4) 8.56(4)

1151.2(2) (03) 0.61(10) 7.07(8) 9.06(8)

1181.4(1) (24) 3.06(26) 6.36(4) 8.35(4)

1239.5(1) 4+

3 1.80(15) 6.57(4) 8.55(4)

1305.4(2) (5+

1 ) 0.37(6) 7.24(8) 9.21(8)

1311.0(1) 2+

5 2.88(20) 6.35(3) 8.32(3)

1358.3(2) (0-4)* 0.25(7) 7.40(14) 9.37(14)

number of 182Au β decays. It was calculated as the sum of
all γ -ray transitions deexciting directly to the g.s., giving the
total intensity of the 155-keV transition of 43.8(9) per 100 β

decays. The intensity values were corrected for the β-decay
branching ratio of 182Au bβ = 99.871(11)% determined in
this work, see Sec. III E 2. The direct feeding of the Iπ =

0+ g.s. of 182Pt by the β decay of the Iπ = (2+) g.s. of 182Au
[6] is considered to be negligible, because it would be the
second forbidden nonunique β decay [50]. The NNDC log f t

calculator [51] was employed to calculate the log f t values us-
ing QEC(182Au) = 7864(23) keV [52], half-life of 16.43(12) s
and β-decay feeding intensities from this work. Fermi inte-
grals for the allowed and first forbidden nonunique decays
( f0), as well as for the first forbidden unique decays ( f1) were
used. Corresponding log f0t and log f1t values are in Table III.

Values of β-decay feeding intensity are often artificially
increased by the unobserved γ -ray feeding from the higher-
lying excited states, the so-called pandemonium effect [53],
especially in the case of relatively low-lying levels and high
total Qβ value. Therefore, the β-decay feeding intensities
and log f t values in Table III should be considered as the
upper and lower limits, respectively. The direct evidence for
the pandemonium effect from our data will be discussed in
Sec. IV A.

E. α decay of 182Au

1. α-γ coincidence analysis

Three fine structure α decays of 182Au were reported in
the previous study [30] at 5283(5), 5352(5), and 5403(5) keV,
with the latter being assigned to feed the 178Ir g.s. A 55-keV
γ ray was also reported in coincidence with the 5352-keV
decay, see Table IV. All these decays are visible in the singles
α-decay spectrum of 182Au in Fig. 9(a). An α-γ coincidence
spectrum in Fig. 9(b) was constructed using the time window
of 200 ns and four groups of α-γ coincidences were identified
at 5350(5)-55 keV, 5293(8)-115 keV, 5282(5)-128 keV, and
5282(5)-84 keV. The first of them and the strongest one is the
only α-γ coincidence reported in Ref. [30]. The second one
is in a good agreement with the Qα,tot(5402) = 5524(5) keV,
establishing a new excited level at 114.7(5) keV in 178Ir.
The third group also agrees with Qα,tot(5402), and, thus, the
observed 127.5(7) keV γ ray gives the more precise energy
for the previously reported 123(7)-keV state; see the α-decay
scheme of 182Au in Fig. 10.

The 5282-84 keV group indicates that the 128-keV level
also deexcites by the 84-keV transition. We note that a γ -ray
transition of similar energy was reported in Ref. [54] but
not placed in the level scheme. Since this transition does not
match the energy differences between the established levels,
we cannot place it reliably in the decay scheme.

Besides the dominant 55-keV transition, a small peak at
46 keV is visible in α-γ coincidences gated on the 5350-keV
peak [see Fig. 11(a)]. Its energy matches the energy of the
Compton backscatter peak for the 55-keV γ ray, therefore,
we do not consider it to be a real transition.

The coincidence spectrum for the 5282- and 5293-keV α

decays [Fig. 11(b)] shows the 128-, 115- and 84-keV transi-
tions and iridium Kα,β x rays. While the energy of Kα matches
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TABLE IV. A summary of observed α-γ coincidences for the α decay of 182Au in this work and the previous study [30]. Tentative
transitions are given in italics. Reduced α-decay widths δ2

α were obtained using the Rasmussen approach [56]. Hindrance factors HF were
extracted relative to the weighted average value of δ2

α = 64(13) keV for the unhindered α decays in 181,183Au [30,57,58].

This work Previous results [30]

Eα (keV) Eγ (keV) Qα,tot (keV) Iα (%) δ2
α (keV) HF Eα (keV) Eγ (keV) Iα (%) HF

5402(5) – 5524(5) 15.6(4) 2.4(3) 26(6) 5403(5) – 21 21
5350(5) 55.0(2) 5525(5) 75.7(10) 21(2) 3.0(7) 5352(5) 55.4 72 3
5293(8) 114.7(5) 5527(9) 0.7(6) 0.4(3) 175(163)
5282(5) 127.5(7), 83.8(6), 5529(5) 7.4(7) 4.6(6) 14(4) 5283(5) – 7 28

76.3(12)

5185(6) – – 0.63(7) 1.2(2) 52(13)

the tabulated value, the Kβ peak is shifted (75.3(5) keV,
E (Ir Kβ ) = 73.8 keV [55]) and wider compared to other γ -ray
peaks. Because of this, we consider it as a doublet of the
iridium Kβ x ray and a tentative 76-keV transition. We do not
place this transition in the level scheme.

An additional 5185(6)-keV α-decay peak is visible in the
singles α spectrum [Fig. 9(a)]. No γ rays were observed in
coincidence, but a group of iridium Kα x rays is present in
Fig. 9(b). We assign this decay as a new tentative fine structure
component of 182Au α decay feeding a 223-keV level.

A summary of observed α decays and coincident γ rays is
in Table IV. The intensities of fine structure α decays were
taken from the singles spectrum [Fig. 9(a)]. The intensity of
the combined 5282- and 5293-keV peak was divided based
on α-γ coincidence counts of the 115-keV and 128-, 84-, and
76-keV γ -rays corrected for the γ -ray detection efficiency and

FIG. 9. (a) Singles α-decay spectrum of 182Au. (b) α-γ coinci-
dences for 182Au. The red line denotes Qα,tot = Qα + Eγ = 5524 keV
determined from the 5350-55-keV coincidence.

internal conversion. The average values of ICCs for E1 and
M1 (E2 for the 76 keV) multipolarity from Ref. [46] were
used in the same way as for 182Au β decay (see Sec. III D).
Potential coincidence summing of α particles and CEs was
investigated using a GEANT4 simulation and was found to be
negligible.

Reduced α-decay widths δ2
α were calculated using the Ras-

mussen approach [56] assuming �L = 0 decays. We will
discuss the α-decay branching ratio bα (182Au) used in the
calculation separately in Sec. III E 2. Hindrance factors HF
were calculated relative to the average δ2

α value of the un-
hindered α decays in neighboring 181Au (3/2− → 3/2−)
and 183Au (5/2− → 5/2−) calculated from published data
[30,57,58] [75(16) and 45(21), respectively].

We obtained the low hindrance factor of 3.0(7) for the
5352-keV α decay, which agrees with the previously pub-
lished value of HF = 3 [30]. This supports conclusion on the
same structure of the 55-keV level and the 182Au g.s. given

FIG. 10. α-decay scheme of 182Au. Tentative transitions and
levels are given with dashed lines. New levels and transitions are
highlighted in blue.
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FIG. 11. Spectra of γ rays in coincidence with (a) the 5350-keV
and (b) the 5282- and 5293-keV α transitions. A peak at 46 keV
marked with an asterisk is not considered to be a real transition; see
the text for details.

in Ref. [30]. Therefore, a Iπ = (2+) can be attributed to the
55-keV state based on the (2+) assignment for 182Au [6].

The internal conversion coefficient of the 55-keV γ -ray
αtot(55) = 11.7(12) was obtained by comparing the number
of γ -efficiency corrected number of coincident pairs [see
Fig. 11(a)] and α counts of the 5350-keV line in the singles
spectrum. It lies between the theoretical values for M1 and E2
multipolarities (6.16 and 67.02, respectively [46]), therefore,
we assign it the mixed M1 + E2 multipolarity. This gives an
Iπ = (1+, 2+, 3+) for the 178Ir g.s.

The hindrance factor of the 5282-keV decay is lower than
for the 5402-keV decay to the g.s. in 178Ir [14(4) compared to
26(6)]. We can expect a similar or smaller change in nuclear
structure for the decay to the 128-keV level, therefore, we
assigned to it the same Iπ = (1+, 2+, 3+).

2. 182Au α-decay branching ratio

The α-decay branching ratio of 182Au was calculated in
two ways. The first method used the number of α and β decays
of this isotope:

bα (182Au) =
Nα (182Au)

Nα (182Au) + Nβ (182Au)
. (2)

The number of β decays of 182Au was deduced indirectly
via the 155-keV γ ray in 182Pt, see Sec. III A. Note that the
branching ratio calculated in this way is influenced by the
pandemonium effect, making it an upper limit.

The second method compared the α-decay counts of both
182Au and 182Pt:

bα (182Au) =
Nα (182Au)

Nα (182Au) +
Nα (182Pt)
bα (182Pt)

, (3)

where bα (182Pt) is the α-decay branching ratio of 182Pt.
Two values were reported in previous studies, bα (182Pt) =

0.023+0.023
−0.012% [59] and bα (182Pt) = 0.038(2)% [30], of which

we used the latter, more precise value in our calculation. Only
decay periods of the measured data without tape movement
were used. These periods were not long enough for all 182Pt
nuclei to decay (≈4 182Pt half-lives), therefore, a correction
accounting for the unobserved decays was applied.

The resulting branching ratios obtained using both methods
are bα (182Au) = 0.117(13)% and bα (182Au) = 0.129(11)%,
respectively. Both agree with each other within uncertainty
and with the previously reported value of bα (182Au) =

0.13(5)% [30]. Since the first value is affected by the pan-
demonium effect, the second value bα (182Au) = 0.129(11)%
[corresponding to bβ (182Au) = 99.871(11)%] has been used
for the calculation of β-decay feeding intensities to excited
levels in 182Pt.

IV. DISCUSSION

A. β-decay feeding intensities

The dominant β-decay feeding in this study was observed
to several 2+ states (e.g., the 2+

1 and 2+

2 states at 155 and
668 keV), as can be seen in Table III. The 942-keV (3+

1 )
state was also strongly fed. This pattern is expected for the β

decay of the Iπ = (2+) g.s. in 182Au [6]. A surprisingly high
β-decay feeding to 4+ states is also seen, especially for the 4+

1
level at 420 keV (Iβ = 7.3%). The latter is not consistent with
the decay of the Iπ = (2+) parent state. The log f0t values
for the population of all I = 2–4 states are in the range of
6.0–6.6 (see Table III), which is in line with the allowed or
the first forbidden nonunique decays. Moreover, log f1t values
for these decays are below or comparable to the recommended
lower limit for the first forbidden unique decay log f1t � 8.5
[50]. However, this is in strong disagreement in the case of
4+ states, as it would lead to the second forbidden nonunique
β decay with recommended lower limit of log f1t � 11 [50].
Possible explanations will be discussed further, namely the 3+

assignment for the g.s. of 182Au, a new isomeric state in 182Au,
and the pandemonium effect.

1. A scenario of I = 3 for 182Au g.s.

The natural explanation of the comparable β-decay feed-
ing to the 2+ and 4+ levels would be the Iπ = 3+ for the
g.s. of 182Au. The first determination of 182Au g.s. spin was
performed in a low-temperature orientation study at ISOLDE
[33]. A range of spins I = 2–4 was proposed, with I = 3
being the preferred value. However, later 182Hg β-decay study
rejected I = 3, 4 because of the observed M1 transitions con-
necting 1+ states directly to the 182Au g.s. and proposed Iπ =

(2+) [34]. The same assignment was also proposed in the
laser-spectroscopy measurement at ISOLDE [6]. The recent
experiment at CRIS with better laser resolution also suggested
the Iπ = (2+) assignment [60], therefore, the Iπ = 3+ option
can be excluded.
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2. A scenario of I = 5 isomer in 182Au

The second possible cause of this substantial feeding of
the 4+ states is the presence of another β-decaying state
in 182Au preferentially feeding those levels. In the follow-
ing discussion, we consider only states living long enough
(�100 ms) to be delivered to and detected at IDS. The only
possibility is I � 5 since other states would not be isomeric
with sufficiently long half-life alongside the 2+ g.s. of 182Au
or would lead to highly suppressed β decays to 4+ states [50].
We note that in the recent NUBASE evaluation [35], a 5−

isomer was proposed for this isotope because of the direct
feeding of the 4+ and 5+ states evaluated based on γ -ray
intensities from Ref. [36]. Two β-decaying states are known
in the 184Au, 5+ g.s. and 2+ excited state at 68.5 keV. The
configuration of this 2+ state is the same as for the (2+) g.s.
in 182Au, π3/2−[532]h9/2 ⊗ ν1/2−[521]p3/2 [4,6].

To investigate the low-lying one-proton one-neutron quasi-
particle excitations in 182Au, we have also conducted
configuration-constrained potential energy surface (CCPES)
calculations [61] employing a nonaxially deformed Woods-
Saxon potential [62] with the “universal” parametrization
[63]. The total energy incorporates a macroscopic part derived
from the liquid-drop model [64] and a microscopic com-
ponent accounting for Strutinsky shell corrections [65] and
pairing correlations. To avoid the possible pairing collapse
in multiquasiparticle systems, we implemented the Lipkin-
Nogami (LN) approximation [66] to estimate particle-number
projection. The monopole pairing strength G was determined
through the average gap method [67].

For multiquasiparticle configurations, the microscopic en-
ergy explicitly includes contributions from unpaired particles
occupying the single-particle orbits specified by the given
configuration. Configuration-dependent blocking effects were
rigorously treated by excluding the singly occupied orbitals
from the LN calculation. The CCPES computations were
executed across a three-dimensional deformation lattice span-
ning (β2, γ , β4) parameters. The resulting potential energy
surfaces enable self-consistent determination of nuclear de-
formation characteristics, excitation energies, and pairing
interaction properties for multiquasiparticle states.

Experimental and theoretical excited states in 182Au are
compared in Fig. 12. Calculations predict Iπ = 2+ g.s. with
the same configuration as was deduced in Ref. [6]. The lowest
excited states are also reproduced to some degree. The calcu-
lations also show a 5+ excited state in 182Au at E = 135 keV
with configuration π3/2−[532] ⊗ ν7/2−[514], which is the
same assignment as for g.s. in 184Au [4]. This state was not ob-
served in the β-decay study of 182Hg [34] (see Fig. 12), which
is expected for the decay of 0+ g.s., but if it exists, it could
be directly produced in our experiment. Rotational states are
not included in the calculations, but I = 3, 4 members of the
rotational band built on top of the I = 2 g.s. bandhead are
expected to exist in 182Au lie below the 5+ level, considering
the same moment of inertia as for the yrast band in 184Au [68]
thanks to similar deformation of these nuclei [9]. These levels
would provide a deexcitation path for the 5+ state, making it
nonisomeric. The same calculations correctly reproduced the
5+ g.s. in 184Au, with a 2+ excited, albeit not isomeric, state.

FIG. 12. Comparison of experimental [32,34] (left) and calcu-
lated excited levels (right) in 182Au. The predicted 5+ level is
highlighted in red.

Moreover, in the case of I = 5 isomer, we would expect
strong direct β-decay feeding also to the states with spins 5
and 6 in 182Pt. As can be seen in Table III, β-decay feeding
intensity to these states is much lower compared to the feeding
of the 4+ states, for example, 7.3(10)% and 0.22(8)% for
the 4+

1 and 6+

1 levels, respectively. We can also compare the
ratio of intensities Iγ (6+

1 → 4+

1 )/Iγ (4+

1 → 2+

1 ) for 182Pt and
184Pt where both the 2+ and 5+ long-lived states are feeding
exciting levels. This ratio decreases from ∼1/2 in 184Pt [69]
to ∼1/40 in 182Pt, showing that the β decay of the 5+ g.s. in
184Au results in much stronger direct or indirect feeding from
higher-spin states to the 6+

1 level.
Additionally, no hyperfine structure of the 267.6-nm tran-

sition corresponding to an additional long-lived state in 182Au
has been observed in laser spectroscopy measurement de-
spite the use of a wide frequency range [70] (see Fig. 11
in Supplemental Material [40]). There might be a possibility
that the isomer was missed in the laser spectroscopy study
because of overlapping hyperfine components of the measured
transition corresponding to the ground and isomeric states.
However, such an exact overlap is unlikely, and a substantial
contribution of such an isomer would also distort intensity
ratios of hyperfine components attributed to the I = 2 g.s. (see
Fig. 7(a) in Ref. [6]). Therefore, even if the isomer existed, its
contribution would have to be small and could not explain the
large apparent β-decay feeding to the 4+

1 state. Additionally,
half-life values obtained from different transitions in this work
(see Table III in Supplemental Material [40]) are consistent
with the decay of a single state, and no statistically significant
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deviations were observed. Because of the arguments above,
we conclude that there is no evidence for the I = 5 isomeric
state in 182Au.

3. Pandemonium effect

The third considered explanation of the substantial appar-
ent β-decay feeding of the 4+ states in 182Pt is the unobserved
feeding from higher-lying levels because of the pandemo-
nium effect [53]. While the two previous scenarios (I = 3
or I = 5 for the parent state in 182Au) were ruled out, pan-
demonium effect influences most of high-resolution γ -ray
spectroscopy measurements, and, therefore, we consider it
to be the main source of aforementioned feeding. However,
this is unexpected for the 4+ states, since the β decay of the
(2+) 182Au g.s. dominantly feeds the I = 1–3 states, which
one could expect to deexcite mainly to the I � 3 levels. Al-
though we were able to detect high-energy γ rays (see Fig. 3
or Fig. 1 in Supplemental Material [40]) and we expanded the
level scheme of 182Pt up to ≈3.7 MeV of excitation energy
(see Table I) in comparison to 1.9 MeV from Ref. [36], there
remains a high probability for the unobserved feeding because
of the high QEC value of 7864(23) keV [52]. The scenario of
pandemonium effect is also supported by the total absorption
spectroscopy measurement of 182Au, where direct β-decay
feeding up to 6 MeV in the excitation energy was observed,
see Fig. 3(b) in Ref. [71]. It needs to be noted that although
no β-decay feeding below 3 MeV was reported in Ref. [71],
the low-energy part of the spectrum should be regarded with
caution, according to the authors. Therefore, we cannot draw
conclusions based on this part of the spectrum.

In total, β-decay feeding intensity into newly observed
states makes up about 45% of all feeding assigned in the
present work. Table V compares β-decay feeding inten-
sity from our work and values calculated from previously
published γ -ray intensities. It can be seen that after expanding
the decay scheme in our study, the feeding intensity of the 2+

1
155-keV state decreased to about a third of that from Ref. [36],
while the feeding of the 4+

1 420-keV state decreased only
slightly. This indicates that levels indirectly feeding the 4+

1
state are relatively high-lying, outside of the scope of our level
scheme extension.

B. Differences in feeding of bands in 182Pt

A simplified decay scheme with only the main levels to
highlight the most dominant features of β-decay feeding from
182Au is shown in Fig. 13. The first three 2+ states in 182Pt (2+

1
at 155 keV, 2+

2 at 668 keV and 2+

3 at 856 keV) were identified
as members of three different band structures [22,28]. The
yrast band is a deformed prolate band with K = 0, the second
band has a weakly oblate shape with K = 0, and the third one
is the γ band with K = 2. Since g.s. of 182Au has K = 2, a
certain hindrance in β decay to the levels with K = 0 could
be expected. A recent review showed that �K = 2,�J = 0
decay can lead to log f t values in the range of 9–10 [72].
However, the systematics considered cases with low Qβ val-
ues and without mixing of levels in the daughter isotope.
We observed comparable feeding intensities for the 2+ lev-
els resulting in roughly the same log f t values [6.09(10),

TABLE V. Comparison of previously known values of β-decay
feeding intensities I ref

β calculated from published data [47] and those
determined in this work Iβ . Values of spin and parity Iπ are taken
from Ref. [36].

Level (keV) Iπ I ref
β (%) Iβ this work (%)

154.9 2+

1 31(2) 10.9(21)

419.5 4+

1 11.4(8) 7.2(10)

499.5 0+

2 5.2(7) 1.58(30)

667.5 2+

2 10(2) 8.9(16)

774.8 6+

1 0.10(35) 0.22(8)

855.6 2+

3 7.1(8) 4.63(52)

942.1 (3+

1 ) 7.4(9) 4.21(40)

1033.5 (4+

2 ) 4.9(11) 2.03(20)

1151.2 (03) 1.3(1) 0.61(10)

1181.4 (24) 4.9(5) 3.06(26)

1239.5 4+

3 5.3(4) 1.80(15)

1305.4 (5+

1 ) 1.0(3) 0.37(6)

1311.0 2+

5 2.3(3) 2.88(20)

1418.9 (44) 1.8(4) 0.97(10)

1472.8 1.5(4) 1.54(11)

1501.8 1.8(4) 1.13(11)

1520.9 0.75(24) 0.74(11)

1541.6 0.79(20) 1.31(14)

1683.9 0.61(14) 0.45(6)

1888.7 0.47(14) 0.60(8)

6.04(9), and 6.27(6) for the 2+

1−3, respectively], indicating no
K hindrance in these β decays. This is probably caused by
the mixing between the three bands, which was discussed in
detail in Ref. [36] and the large effective Q values Qβ,eff =

FIG. 13. Simplified level scheme of 182Pt. The band structure is
taken from Ref. [36]. Proton-neutron configuration of the 182Au g.s.
is taken from Ref. [6].
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Qβ − E f [QEC(182Au) = 7864(23) keV] [52] for β decays to
these levels.

V. CONCLUSION

We report the new results from decay spectroscopy of
182Au performed at the ISOLDE Decay Station. The excited
states in 182Pt populated in 182Au EC/β+ decay were studied
by the γ -γ coincidence method. A half-life value of T1/2 =

16.43(12) s was obtained for 182Au, which agrees within 2σ

with the literature value T1/2 = 15.5(4) s [32] and has a bet-
ter precision. The 182Pt level scheme was extended, where
125 new levels and 336 transitions were identified. Internal
conversion coefficients for three transitions were determined,
including the previously assumed E0 transition with the en-
ergy of 455 keV, for which γ rays were observed for the first
time. The β-decay feeding intensities were evaluated, and a
substantial feeding of the 4+ states was observed. The I = 3
assignment for the 182Au g.s. and the presence of a new I = 5
isomeric state were discussed as possible explanations, but
they were rejected. Therefore, the influence of the pandemo-
nium effect was assumed to be the main source of the observed
feeding to the 4+ states. Log f t values for decays into 2+

states of different band structures in 182Pt are the same within
uncertainties, which indicates mixing between these bands.
The α-decay branching ratio of bα (182Au) = 0.129(11)% was
determined and two new fine structure α decays feeding new
levels in 178Ir were observed. Based on the calculated conver-
sion coefficient of the 55-keV transition, Iπ = (1+, 2+, 3+)
assignment for the 178Ir g.s. was proposed.
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Sorri, A. Špaček, S. Stolze, M. Taylor, A. Thornthwaite, J.
Uusitalo, M. Veselský, S. Vielhauer, and F. P. Wearing, Phys.
Rev. C 106, 064324 (2022).

[17] K. Heyde, J. D. Beule, B. Decroix, and C. D. Coster, Hyperfine
Interact. 127, 65 (2000).

[18] K. Heyde and J. L. Wood, Rev. Mod. Phys. 83, 1467 (2011).
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