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The internal transition decay and « decay of the 7}, = 53.3ms, 9/27 isomeric state in the neutron-deficient
isotope, '33T1, have been studied using the Resonance Ionization Laser Ion Source and the Windmill detection
setup at the ISOLDE facility at CERN. Clean samples of ¥ Tl were produced by selective laser ionization
and subsequent mass separation. An internal transition cascade of 356.5-272.2 keV y rays has been identified.
Multipolarities of these transitions have been determined by means of simultaneous y-ray and conversion-
electron spectroscopy. Improved data for the fine structure of the '¥*"T1 — 17 Au decay were deduced. This
involves a 6058 keV a-decay transition, which populates a previously unknown state in '7° Au, that is tentatively
assigned as a (9/27). It is interpreted as a coupling of the 1hg, proton-intruder with the excited 0% state in the

18Pt core.

DOLI: 10.1103/PhysRevC.105.034338

I. INTRODUCTION

The very neutron-deficient region around Z = 82 is the
best and most extensively characterized example of low-
energy shape coexistence in nuclei [1-3]. While detailed
information on the heavy isotopes in the lead region is avail-
able, the current focus is on the lighter isotopes: this is critical
in order to establish detailed knowledge on nuclear structure
with respect to the shape coexisting states. These light iso-
topes are a challenge for experimental studies. In order to
get a more microscopic understanding of shape coexistence,
detailed spectroscopy information is necessary. However, be-
cause of the weak radioactive beam intensities and the fact

*Corresponding author: martin.venhart@savba.sk

Published by the American Physical Society under the terms of the
Creative Commons Attribution 4.0 International license. Further
distribution of this work must maintain attribution to the author(s)
and the published article’s title, journal citation, and DOI.

2469-9985/2022/105(3)/034338(9) 034338-1

that they are in most cases overwhelmed by unwanted more
stable isotopes, these studies are hampered. With recent devel-
opments of laser ionization sources [4], clean beams of very
neutron-deficient isotopes are available and thus such studies
are now possible.

Neutron-deficient Tl isotopes display an extensive example
of nearly degenerate shape coexistence [1,2,5]. The odd-mass
Tl isotopes have 1/2% near-spherical ground states and de-
formed 9/2~ so-called intruder states [6,7]. The first-excited
state in these TI isotopes had spin-parity 3/2%, except for
189T]. The systematics of these states are shown in Fig. 1.
Positive-parity states are associated with the 3s;,, and 2d3,
proton-hole configurations, where the odd protons couple to
the even-mass Pb cores. The decay of the 3/2" state to the
1/2% ground state proceeds through a mixed M1 + E2 transi-
tions with dominant E2 components.

Next to these states associated with the proton-hole config-
urations, proton particle 1492, 2 f7,2, and 1713/, configurations
(above the Z = 82 shell closure) occur in the low-excitation
spectrum of odd-mass TI isotopes [8—11]. These states, as-
sociated with proton excitation across the Z = 82 proton

Published by the American Physical Society
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FIG. 1. Systematics of 1/2%,3/2%, and 9/2" states in neutron-deficient odd-mass Tl isotopes. The 3/2+ — 1/2% transitions have M1 +
E?2 mixed character and their mixing ratios § are given. The 9/2~ — 3/27 transitions have E£3 multipolarity. Data determined in the present
work are highlighted with red color, other data are taken from Evaluated Nuclear Structure Data File.

shell closure ‘intrude’ in the low-energy excitation spectrum
because of massive correlations resulting from the changing
shell occupancies. This leads to a characteristic “parabolic”
pattern of the excitation energy as a function of neutron
number [1]. Most notably, 9/27 states associated the 1hg/,
configuration, described as coupled to 0" ground states of re-
spective even-mass Hg cores, form an uninterrupted isomeric
chain between 2°!'TI and '8!TI, see Fig. 1. Strongly coupled
rotational bands based on these isomers were observed [8—11],
indicating their oblate deformation with dominant 9/27[505]
Nilsson configuration.

Predominantly, these 9/2~ isomers in odd-mass Tl iso-
topes de-excite via E3 transitions that feed the 3/2% states
[5,12—-17]. The reduced transition probabilities of these E3
transitions are of the order of 0.01 W.u. Weak «-decay
branches were reported for the 9/2~ isomers in '81:183.185.187]
[5,9,18-20].

Decoupled prolate bands, based on a second 9/2~ state,
were observed in '83185-187T] [8 9]. These second 9/2" states
occur due to the coupling of the 1h9,, proton with coexisting
excited 07 states [21] in 8218418 Hg cores. The mixing of
two differently deformed 9/27 states is expected. This has
been suggested for the first time in the shape coexistence
review, see Fig. 18 in [1]. The increase of the isomer shift
for the 9/2~ state in '33TI, reported by the in-source laser
spectroscopy experiment [7], suggests its larger deformation
and thus corroborates the proposed prolate-oblate mixing for
the 9/2~ isomer in 83T,

The present article reports on results of an experiment
carried out to study an internal transition and the « decay of
the short-lived (77, = 53.3(4) ms [9]) 9/27 isomeric state
in '83T1, denoted as '®*"TI in further text. The ground state
of '83T1 has a much longer half-life of 6.9(7) s [22]. The
experiment has been conducted as a part of a focused cam-
paign at the Isotope Separator On-Line Device (ISOLDE) at

CERN studying the decay properties and intrinsic structure of
neutron-deficient Tl isotopes [7,21,23-26].

The 3Tl o decay has been identified using the online
mass separator at GSI Darmstadt [18]. Three «-decay energies
of 6343(10), 6378(15) and 6449(15) keV were reported, but
no decay scheme was given.

Another study, performed at the RITU gas-filled separator
at the University of Jyviskyld, proposed a decay scheme for
the 83Tl — 1"Au « decay. It includes 52.4, 61.8, and
89.4 keV coincident y rays. This level scheme has been
adopted for the most recent Evaluated Nuclear Structure Data
File (ENSDF) for '7°Au, see [27].

A significantly different level scheme has been constructed
on a basis of combined data acquired at RITU separator and
at ISOLDE [19]. This involved a discovery of the 328 ns
isomeric state in '7°Au. It was shown that the 6378(15) keV
transition reported in [9,18] was an artefact due to the «-
electron summing effect. Note that the level scheme given
in [19] presently does not appear in the ENSDF, however it
is reported in the experimental unevaluated nuclear data list
(XUNDL).

In the present work, a more substantial decay scheme,
which extends the one proposed in [19], was constructed for
the '¥"T1 — "Au « decay.

In a study of the "¥"Bi — '"TI « decay at velocity filter
SHIP at GSI Darmstadt, a 3/27 first-excited state with an ex-
citation energy of 273(1) keV was identified in 1837, together
with a corresponding 3/2% — 1/2%y-ray transition [28].

In the same study at SHIP, an excitation energy of
625(7) keV and an «-decay branching ratio of 1.5(3)%
was determined for '8¥"TI. The missing decay strength
was interpreted as an internal transition decay [22], how-
ever, corresponding y rays were not observed. A cascade
of y rays depopulating '®*"Tl was identified for the first
time in the present work. Multipolarities of both transitions
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were unambiguously determined by means of y-ray and
conversion-electron spectroscopy.

II. EXPERIMENTAL DETAILS

The experiment was performed at the ISOLDE facility at
CERN. A proton beam with an energy of 1.4 GeV and inten-
sity up to 2.1 w A impinged upon thick 50 g/cm? UC, target,
producing '83T1 nuclei via the spallation process. The proton
beam was delivered by the Proton Synchrotron Booster (PSB)
accelerator in a repeated sequence of 34 pulses, separated by
1.2 s periods. This sequence is referred to as a supercycle.
After proton impact, recoiling nuclei stopped in the target
material, subsequently diffused out of the high-temperature
target material as neutral atoms and effused into the cavity of
the resonance ionization laser ion source [4]. The desired TI
isotopes were ionized with the resonant laser ionization tech-
nique. After selective laser photoionization, the radioactive
Tl ions were extracted by a 50 kV potential, mass-separated
with the General Purpose Separator of ISOLDE and directed
into the Windmill (WM) setup [25]. A time gate was used to
selectively focus on the decay of short-lived isomer, as will be
shown below.

Radioactive ions of 83T were implanted in a carbon foil
with a 6 mm diameter and 20 u g/cm? thickness [29]. The im-
plantation position was surrounded with two partially depleted
silicon detectors for detection of « particles and conversion
electrons. An annular detector with thickness of 300 u m
and area of 450 mm? was placed 7 mm upstream from the
foil. The beam passed through the hole with 8 mm diameter.
Another silicon detector with thickness of 500 u m and area of
300 mm? was placed downstream from the foil. Both detectors
with typical energy resolution of approximately 25 keV (for
both « particles and conversion electrons) covered a solid an-
gle of 24% of 4. Calibration data for these silicon detectors
were taken using the two >*!' Am sources mounted inside of the
WM system.

Two coaxial germanium detectors with relative efficiencies
of approximately 70% and 90% were used to detect y rays.
They were placed outside of the vacuum chamber of the WM
system at 0° and 90°, relative to the beam direction. Energy
and efficiency calibrations were performed using standard
radioactive sources of '33Ba, 1¥7Cs, %°Co, and Eu. Signals
from the preamplifiers of the detectors were processed with a
digital data acquisition system, based on commercial Digital
Gamma Finder (DGF) modules.

III. EXPERIMENTAL RESULTS
A. Internal transition decay of '*"TI

The '"8¥"TI ions were released from the target in only a
short period after the proton-pulse impact. Two time gates
were used in the following analyses: 0—450 ms (‘pulse’) and
550-1000 ms (‘background’) after the proton-pulse impact.
Events detected within the ‘pulse’ gate were dominantly due
to a radiation emitted by '**"TI, while events detected within
the ‘background’ gate were due to long-lived daughter decays
and room background.

272.2 (a) y-ray singles
356.5

(b) y-ray singles
Difference spectrum

Tl X rays J

|

Counts / 0.25 keV (10%)
w —
o o1 ©
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FIG. 2. (a) Singles y-ray energy spectra detected within the

‘pulse’ gate and within the ‘background’ gate (red shaded spectrum).

(b) Difference of two previous spectra. (c) Background-subtracted

y-ray energy spectrum, detected in prompt coincidence with the
272.2 keV transition.

Figure 2(a) gives singles y-ray spectra, detected within the
‘pulse’ and ‘background’ (red shaded spectrum) time gates.
The difference of both spectra, i.e., spectrum of y-ray singles
attributed to the decay of '3*Tl, is given in Fig. 2(b). Strong
y rays with energies 272.2(2) and 356.5(2) keV, together with
characteristic Tl x rays are observed. While, the 272.2 keV
y ray is the known 3/27 — 1/2* transition in '83TI [28],
this is the first ever evidence for the 356.5 keV transition.
The analysis below shows that it is the 9/2~ — 3/2% E3
transition in '$*TI.

Figure 2(c) gives the spectrum of y rays detected in prompt
[At(y1-y2) < 400 ns] coincidence with the 272.2 keV transi-
tion. Strong coincidence with the 356.5 keV y ray is observed,
thus the 272.2 and 356.5 keV transitions form a cascade. The
sum of energies of both y rays establishes the excitation en-
ergy of the isomeric state of 628.7(3) keV. This is in agreement
with the previously reported value of 625(7) keV [28].

Figure 3 gives the spectra of conversion electrons (CE)
from the 272.2(2) and 356.5(2) keV transitions. Note that they
will be discussed below.

Figure 4 gives a time distribution for the 272.2 keV y
ray, measured relative to the proton-pulse impact. Significant
deviation from an exponential decay is observed. This is due
to high count rates, which caused a slow buffer read-outs of
the DGF cards resulting in a dead time effect, see [24,30] for
details. Therefore, the distribution was not used to extract the
half-life of '8>"T1. However, a fit of a short exponential part
(80-125 ms range, indicated with dashed lines in Fig. 4) gives
a half-life of 55(3) ms, which is consistent with previously
determined half-life of 53.3(3) ms [9] for '3*"T1.
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FIG. 3. (a) Singles conversion-electron energy spectra detected
within the ‘pulse’ and ‘background’ (red shaded spectrum) gates.
(b) Background-subtracted conversion-electron energy spectrum
detected in prompt coincidence with the 272.2 keV transition.
(c) Background-subtracted conversion-electron energy spectrum de-
tected in prompt coincidence with the 356.5 keV transition.

The decay scheme of '**"TI proposed in the present work
is given in Fig. 5. Note that multipolarities of 272.2 and
356.5 keV transitions are determined in further text, together
with analysis of the «-decay branch.

Figure 3(a) gives the singles CE spectrum, detected
with the 500 p m silicon detector, within the ‘pulse’ and
‘background’ (red shaded spectrum) time gates. The three
peaks seen in Fig. 3(a) are interpreted as CE from the

E Time distribution of 272.2 keV y rays

L Pulse gate (0 - 450 ms) : Background gate (550 - 1000 ms)

Counts / 1 ms

v b b b b b b b B

I
00 200 300 400 500 600 700 800 900 1000
Time difference [ms]

FIG. 4. Time distribution of the 272.2 keV y-ray events with re-
spect to the proton-pulse impact. A ‘pulse’ gate was used to identify
radiation that arises from the decay of '33"T1 and a ‘background’ gate
for a subtraction of long-lived activities and room background. Verti-
cal dashed lines indicates the range, where the fit with an exponential
decay was possible, see text for details.

TABLE 1. Experimental and theoretical values of total internal
conversion coefficients («7) for the 272.2 keV transition, ratios
of K-shell (ag) and L+ M + N + .. .-shell (o ipin+..) internal
conversion coefficients for the 272.2 and 356.5 keV transitions. The-
oretical values for different multipolarities were calculated with the
Brlcc software [31].

Multipolarity 0K [ OLiMiN+ . ar
356.5 keV 272.2 keV 272.2 keV

Experiment 0.70(10) 1.94(28) 0.24(2)
E1l 4.68 4.55 0.04
M1 4.56 4.53 0.51
E2 1.72 1.19 0.15
M2 3.32 3.04 2.04
E3 0.61 0.32 0.90
M3 2.07 1.62 7.13
E4 0.27 0.12 5.60
M4 1.21 0.81 27.73

2722 and 356.5 keV transitions. Note that K-CE from
the 356.5 keV transition and L+ M + ... — CE from the
272.2 keV transition are unresolved. To determine multi-
polarities of both transitions, y-gated electron spectra were
investigated. Figure 3(b) gives the CE spectrum detected
in prompt coincidence with the 272.2 keV y rays. Assum-
ing the same detection efficiencies for K — CE and L +
M + ... — CE, the ratio of internal conversion coefficients
ok /op+ym+n... = 0.70(10) was determined for the 356.5 keV
transition. Based on a good agreement with the theoreti-
cal value of 0.61, calculated with the BrICC software [31],
an E3 multipolarity was established unambiguously for the
356.5 keV transition. Theoretical values for other multipolar-
ities are given in Table L.

Figure 3(c) gives the CE spectrum detected in prompt coin-
cidence with the 356.5 keV y rays. The ratio ok /o pan.. =
1.94(28) was determined for the 272.2 keV transition. This
suggests a mixed M1 + E2 character for the transition, since
the theoretical values are 4.53 for a pure M1 and 1.19 for a
pure E2 multipolarities.

The intensity balance of the 272.2 keV and 356.5 keV
y-rays singles was used to determine the total internal con-
version coefficient for the 272.2 keV transition. The internal
conversion is interpreted as missing y-ray intensity. The to-
tal conversion coefficient oy = 0.24(2) was determined for
the 272.2 keV transition. This corroborates the above con-
clusion on the mixed M1 + E2 character of the transition,
since theoretically a7 (M1) = 0.51 and a7 (E2) = 0.15. Other
multipolarities are excluded, see Table I. Using a combination
of both approaches, the M1/E2 mixing ratio § = 1.87f8:§?
was determined with the BrlccMixing software [31].

B. The « decay of 3" TI

To identify « decays of '83"TI, the same method, based on
the time structure of the data, was employed. Figure 6 gives
the spectra of «-decay events detected with silicon detectors
within the ‘pulse’ and ‘background’ (red shaded spectrum)
time gates. The '%*" Tl dominantly de-excites through a y-ray

034338-4



DECAY MODES OF THE 9/2~ ISOMERIC STATE IN ...

PHYSICAL REVIEW C 105, 034338 (2022)
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FIG. 5. Decay scheme of '¥3"Tl deduced in the present work. Note that excitation energy of the 127(17) keV state in " Au has been
determined as the difference in «-particle energies and therefore it has a large experimental uncertainty. The same applies for the 407(17) keV
state. For the o decay branching ratio, a weighted average of the value determined here and that taken from [28] is given. The half-life for
18371 is taken from [9], since the value determined here is less accurate, see the text for details. The data for 3 /2%,3/27, and 5/2~ states in
17 Au are taken from [19]. Values deduced or improved in the present work are highlighted with red color.

cascade to the ground state, which decays into '™*Hg (77, =
9.4(7) s [22]). Due to its long half-life, 183Hg appears in both
time gates. The same applies also to '"”Au (T, =7.13)s
[27]), which is a product of the  decay of '8 TI.

Three o decays with energies of 6058(15), 6333(9), and
6458(15) keV are clearly separated from the red spectrum,
therefore they are assigned as decays of 33" TI. The 6333 keV

a decay is the known transition feeding the 9/27 state in
17 Au [19]. De-excitation of the 9 /2~ state proceeds via so-far
unobserved low-energy electromagnetic transitions, through
an elusive 5/2~ state, feeding the 3/2~ isomer in '"?Au [19].
It was shown that the 6333 keV « decay is strongly affected
with an a-electron summing effect, see the discussion in [19].
This leads to an artificial peak observed at approximately

034338-5



M. VENHART et al.

PHYSICAL REVIEW C 105, 034338 (2022)

105 §
10t L 183Hg 6375
E \ a-e~ summing
% E 6333
: 108 L WAU
e L ‘
= F
3102
o E 6458
10" &
il

10 e T b
5000 5200 5400 5600 5800 6000 6200 6400 6600 6800

a-particle energy [keV]

FIG. 6. Singles a-particle energy spectra detected within the
‘pulse’ and ‘background’ (red shaded spectrum) gates. o decays of
183mT] are annotated with energies given in keV. The *' Am peak
is from calibration standard that was placed inside of the vacuum
chamber of the Windmill system.

6375 keV. This effect is more obvious in both studies at the
RITU separator [9,19]. In these experiments, the activity was
implanted in the silicon detector, thus the summing probabil-
ity was much higher.

The weak 6458 keV « decay has Q, = 6602(15) keV.
This agrees with Q, = 6604(9) keV expected for a direct o
decay from '¥"T1 to the " Au ground state. The latter value
is based on mass values for ground states of both isotopes
taken from [32] and the excitation energy of '8*"TI deter-
mined in the present work. Therefore, the 6458 keV « decay
is interpreted as a direct feeding of the ground state of !”° Au.
The difference of Q, values for the 6333 and 6458 keV «
decays establishes an excitation energy of 127(17) keV for
the known 9/2~ state in '’ Au. Within experimental uncer-
tainties, this value agrees with the previously reported value of
134(15) keV [19]. Note that this decay, with slightly different
energies has been reported in [9,18], but it was not correctly
interpreted.

The 6058 keV transition is reported for the first time here.
Figure 7 gives the spectrum of y rays, detected in prompt
[IAt(x-y)| < 1 us]coincidence with the 6058 keV « decay.
Although the statistics are low, a y ray with an energy of
279.8(5) keV is evident. Weak Au K x rays, together with the
62.4 keV y ray, which is the known 3/2~ — 3/27 transition
in " Au, are also observed. The difference in Q. values for

N

Au K X rays 279.8

/

62.4

w

-

Counts / 0.5 keV
N
\

|

0 50 100 150 200 250 300 350
y-ray energy [keV]

o

FIG. 7. Spectrum of y rays, detected in prompt coincidence with
the 6058 keV « decay. Only events that occurred within the ‘pulse’
gate were accepted.

TABLE II. Summary of o decays of '®*"Tl characterized in
the present work: a-decay energies (E,), a-decay intensities (I,),
reduced transition widths (82), and hindrance factors (HF), given
relative to the 6333 keV decay.

E, [keV] I, [%] 82 [keV] HF
6058(15) 1.6(3) 8(2) 5(2)
6333(9) 97.3(11) 39(9) 1
6458(15) 1.1(3) 0.14(4) 279(102)

the 6058 and 6333 keV « decays establishes an excitation
energy of a 276(15) keV, relative to the known 9/2~ state, for
a hitherto unknown state. This corresponds with the observed
y-ray energy of 279.8 keV. Therefore, this y ray is interpreted
as a transition connecting a newly discovered 407(17) keV
excited state in '’ Au with the known 9/2~ state. The new
excited state is populated directly by the 6058 keV « decay.

Characteristic Au K X rays observed in the spectrum given
in Fig. 7 occur due to K-shell internal conversion of 89.5 and
279.8 keV transitions. The known 89.5 keV E1 transition,
feeding the ground state, is not observed, since it is 12.2(5)
times weaker [19] than the 62.4 keV transition. Using num-
ber of observed counts of the 62.4 keV y rays, the y-ray
intensities given in [19], internal conversion coefficient and
x rays fluorescence yields, 0.06(4) counts in the K,; peak
are expected to occur in Fig. 7 due to internal conversion of
the 89.5 keV transition. Thus, the influence of the 89.5 keV
transition is negligible and observed Au K X rays are almost
exclusively due to internal conversion of the new 279.8 keV
transition. Therefore, a rough estimation of the K-shell inter-
nal conversion coefficient for the 279.8 keV transition could
be made using the number of counts of K x rays and y rays.
After correction for respective detection efficiencies and x
rays fluorescence yield, ax = 1.2‘:5:; was obtained.

Assuming that the 279.8 keV transition is a dominant de-
excitation of the 407 keV state, a total internal conversion
coefficient oy = 1.0(8) for the 279.8 keV transition was
obtained by comparing the number of observed 6058 keV
a decays in Fig. 6 and the 279.8 keV «-y coincidences in
Fig. 7, corrected for respective detection efficiencies. The
large experimental uncertainties of both values do not allow
an unambiguous multipolarity assignment for the 279.8 keV
transition.

Based on the number of observed « decays in Fig. 6, the in-
tensities of particular transitions were determined: 97.3(11)%
for the 6333 keV transition, 1.6(3)% for the 6058 keV tran-
sition and 1.1(3)% for the 6458 keV transition. Table II gives
a summary of a-decay transitions from 83Tl that were de-
duced in the present work. Reduced a-decay widths §2 and
hindrance factors (HF) are determined and discussed in the
following section.

Based on the number of observed o decays of '83"TI in
Fig. 6 and of the 356.5 keV y rays in Fig. 2, corrected for
respective detection efficiencies, b, = 1.4(3)% and b;;y =
98.6(3) % were deduced for '3 T from the present data. This
is in a good agreement with the previously reported value
by = 1.5(3) % [28]. The weighted average of both values

034338-6



DECAY MODES OF THE 9/2~ ISOMERIC STATE IN ...

PHYSICAL REVIEW C 105, 034338 (2022)

gives by, = 1.45(42) % and thus b;r = 98.55(42) %. These
values were used in the decay scheme given in Fig. 5.

IV. DISCUSSION

In the present work, a M1/E2 mixing ratio of § =

1.87f8§?, was determined for the 3/2% — 1/2% transition

in !83T1. This agrees with the trend established for heavier
isotopes, where mixing ratios are in the 1.6-2.3 range, see
Fig. 1.

A cascade of y rays, de-exciting '83"Tl was observed.
This involves unambiguous identification of the E3 transition
with a reduced transition probability B(E3) = 0.012(1) W.u.
Although systematic information on reduced transition prob-
abilities of E3 transitions in neutron-deficient isotopes is
incomplete, see Fig. 1, the B(E3) determined for 1831 agrees
with known values for 19>197-20L203T that are in the 0.0098—
0.014 W.u. range. This, together with the above deduced
mixing ratio for the 3/2% — 1/2% transition, indicates that
very little is changing in the intrinsic structure of the underly-
ing configurations in odd-mass T1 isotopes over a broad range
of neutron numbers.

Reduced «-decay widths were calculated using the Ras-
mussen prescription [33]. For the strongest 6333 keV « decay,
a reduced a-decay width of 85 = 39(9) keV was obtained.
This is slightly lower than §2 = 59(4) keV of an unhindered
0t — 0% « decay of the neighboring even-even '3>Hg iso-
tope. This confirms an unhindered character of the 6333 keV «
decay, as it has been suggested in [19]. Therefore, a hindrance
factor of 1 is assumed for this & decay. The 6333 keV « decay
feeds the 127(17) keV 9/2~ state in !”° Au, which is associated
with the 1hg,, proton-intruder configuration [34,35], coupled
with the 0" ground state of the '7*Pt core.

Another 9/2 state is expected to occur in "Au, due
to coupling of the 1hg,, proton with the 0 excited state
(E* = 421.0(6) keV [36]) in the '"®Pt core. Note that such
pairs of 9/27 states, together with linking E0 transitions, were
reported for '83'87 Au [37]. A reduced a-decay width of §2 =
8(2)keV was determined for the 6058 keV « decay, which
feeds the 407(17) keV state. A hindrance factor HF = 5(2)
was calculated relative to the unhindered 6333 keV « decay.
The slight hindrance suggests a AL = 0 character for the
6058 keV « decay and thus a tentative (9/27) spin-parity
assignment is made for the 407(17) keV state.

Proton-intruder states in '**Tl and '"Au occur due to
coupling of the odd-proton with states in the '3>Hg and '"3Pt
cores. Therefore, '#¥"TI — " Auand '®Hg” — '8Pt were
compared. Figure 8 gives a partial a-decay schemes for 83Tl
and '3?Hg, together with the hindrance factors for respective
transitions. The 5446 keV « decay of '8?Hg feeds the excited
0% state in '7®Pt. A hindrance factor of 3.5(6) has been deter-
mined for this o decay [36]. The slight hindrance is explained
by a weak mixing of 07 states in '3?Hg and a strong mixing
of 0% states in /8Pt [38]. The decay pattern observed for
183mT] appears to be similar, since a prolate-oblate mixing
has been proposed for the initial state [1,7]. Therefore, the
407(17) keV excited state is a good candidate for the expected
coexisting 9/27 structure, i.e., coupling of 1hg,, proton with
the excited 0" state in !7*Pt. A more precise dataset needs to

g
S
(=] 0
2 0° 833550
92) R 9277
(9/2) v 628.7 o 0
183T|m 182Hg
i
<
0* g 421.0 E, = 5446 keV
s HF = 3.5(6)
(9/2) K 407(17) | E.= 6058 keV
HF = 5(2)
(9/2) v 127(17) | E,=6333 keV 0 v 0 5“F =_51857 keV

HF =1
179 Au 178 Pt

FIG. 8. Partial a-decay schemes for '%*"Tl and '**Hg. Hindrance
factors (HF) for a-decay transitions are given. The data for '*2Hg are
taken from [36].

be acquired before an unambiguous conclusion can be made.
Most important would be to identify an £0 component of the
279.8 keV transition.

A spin-parity of the ground state of '’ Au has been unam-
biguously assigned as 1/2% [39]. A reduced a-decay width
of 55 = 0.14(4) keV was determined for the 6458 keV «
decay. Relative to the unhindered 6333 keV transition, this
gives HF = 279(102). Similar 9/2~ — 1/2% decays were
identified in !8%191:193.195B; [40]. Their hindrance factors are
in the range of 300~700. The value established for the '#*" Tl
decay is consistent with this range and thus it corroborates the
9/2~ — 1/27 interpretation for the 6458 keV « decay.

V. CONCLUSION

The internal transition decay and o decay of mass-
separated samples of '®¥"TI have been studied at the ISOLDE
facility at CERN. The new results include the first identifi-
cation of an E3 transition feeding the 3/27 state in '**TI and
measurement of a M1/E?2 mixing ratio for the 3/2t — 1/2%
transition. Measurements of the M1/E2 mixing ratios are of
particular interest, since they allow extraction of the reduced
transition probabilities for both electromagnetic components,
if the half-life of the initial state is known. This is not the
case of the 3/2% state in I83T1, however, its half-life can be
measured using, e.g., fast-timing LaBr3;(Ce) detectors. Then,
using the M'1/E?2 mixing ratio determined in the present work,
absolute values of B(M1) and B(E2) could be extracted.
These mixing ratios are very sensitive to nuclear deformation,
both axial and triaxial.

Three « decays of 83Tl have been characterized. This
involves a new decay path, which populates a previously un-
known excited state in '7°Au. It decays via a transition that
might have a significant £0 component, which is a model
independent signature of shape coexistence [41]. Therefore it
is a candidate for the coexisting 9/27 state, similar to those
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observed in 83187 Au. Systematic evolution of excitation ener-
gies and decay properties of these structures beyond N = 104
midshell point is unknown. Weak o decays of odd-mass Tl
isotopes appear to be a suitable tool to study these structures
in neutron-deficient odd-Au isotopes.
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