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Direct observation of β and γ decay from a high-spin long-lived isomer in 187Ta
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187Ta (Z = 73, N = 114) is located in the neutron-rich A ≈ 190 region where a prolate-to-oblate shape
transition via triaxial softness is predicted to take place. A preceding work on the Kπ = (25/2−) isomer and
a rotational band to which the isomer decays carried out by the same collaboration revealed that axial symmetry
is slightly violated in this nucleus. This paper focuses on a higher-lying isomer, which was previously identified
at 2933(14) keV by mass measurements with the Experimental Storage Ring at GSI. The isomer of interest has
been populated by a multinucleon transfer reaction with a 136Xe primary beam incident on a natural tungsten
target, using the KEK Isotope Separation System at RIKEN. New experimental findings obtained in the present
paper include the internal and external β-decay branches from the high-spin isomer and a revised half-life of
136(24) s. The evaluated hindrances for K-forbidden transitions put constraints on the spin-parity assignment,
which can be interpreted as being ascribed to a prolate shape with a five-quasiparticle configuration by model
calculations.

DOI: 10.1103/PhysRevC.111.014304

I. INTRODUCTION

The hafnium (Z = 72), tungsten (Z = 74), and osmium
(Z = 76) isotopes with A ≈ 190 are located midway between
the doubly midshell nucleus 170

66 Dy104, which has an enlarged
quadrupole (prolate) deformation at the ground state, and the
doubly magic nucleus 208

82 Pb126. Neutron-rich nuclei in this
transitional region have attracted considerable interest both
experimentally and theoretically, since different facets of nu-
clear shape manifest themselves at low excitation energies
on account of a sensitive interplay between the microscopic
[single-particle (SP)] and macroscopic (collective) degrees of
freedom. For instance, in contrast to the large abundance of
prolate-deformed shapes over the whole range of the nuclear
chart [1], oblate states are found to be favored energetically

*Contact author: hiroshi@buaa.edu.cn

in this specific mass region [2–4]. Such a rare phenomenon
takes place due to the occupation of low-�, high-J orbitals
near the proton and neutron Fermi surfaces, which lie at the
upper halves of the respective major shells, Z = 50–82 and
N = 82–126, on the oblate side. In such shape-transition re-
gions, where multiple energy minima coexist at prolate and
oblate deformation in the potential-energy surface [5], the
two different shapes can compete, and presumably interact,
leading to the nuclear shape being soft with respect to the γ

(triaxial) degree of freedom, where γ represents a deviation
from axial symmetry of the ellipsoidal shape; γ = 0◦ and 60◦
correspond to axially symmetric prolate and oblate shapes,
respectively, and 30◦ for a maximally asymmetric nucleus that
has three different radii in Cartesian coordinates. Understand-
ing the behavior of such axially asymmetric nuclei near the
ground state remains a challenge in nuclear structure studies.
Furthermore, a global calculation based on the finite-range
droplet macroscopic and microscopic models [6] predicts
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substantial hexadecapole deformations (β4 � −0.1) for nu-
clides in this region.

Another interesting physics phenomenon observed in this
mass region is the emergence of metastable nuclear excita-
tions (isomers) at high spins [7,8]. The 16+ state in 178Hf
(T1/2 = 31 yr at an excitation energy of 2446 keV) [9] is an
exemplary case of a long-lived, highly excited isomer. As this
nucleus has a well-deformed prolate shape, this isomerism
is ascribed to the conservation of the K quantum number,
which is defined as the projection of the total nuclear spin
on the symmetry axis of the deformed nucleus. However,
this K-conservation law is often violated by various sources
of symmetry breaking [10]. Axially asymmetric deformation
causes the mixing of configurations of different K values,
and thereby gives rise to a serious violation of K-forbidden
transitions involved in radioactive decays, as observed for the
Jπ = Kπ = (10−) isomer in 192Os [11] and the (8+) isomer in
190W [12]. From an experimental point of view, neutron-rich
nuclei in this transitional region can be produced by fragmen-
tation of heavy-ion beams like 208Pb and 197Au [13] or by
multinucleon transfer (MNT) reactions with neutron-rich (sta-
ble) isotopes [14,15]. Measurements of nuclear masses using
the Experimental Storage Ring (ESR) at GSI have revealed the
presence of long-lived (T1/2 > 1 s) isomers in the neutron-rich
Z = 72–76 isotopes [16,17].

The tantalum (Z = 73) isotopes intervene between the
hafnium isotopes, which, as can be seen in potential-energy
surfaces calculated on the Q0-γ plane [18], undergo a tran-
sition from a prolate shape to an oblate one within neutron
numbers of 114–118, and the tungsten isotopes that exhibit
a gradual shape transition via γ softness in a much broader
range of neutron number. We draw particular attention to
187Ta114 approaching the critical-point neutron number N =
116 of the predicted prolate-to-oblate shape transition for
the lower-Z nuclides and of the maximum axial asymme-
try (γ ≈ 30◦) for the higher-Z nuclides. Using high mass
resolving power at the ESR, the ground state and two long-
lived isomers in 187Ta (hereinafter denoted as 187Tag and
187Tam1,m2) were identified with their masses, which were
translated into excitation energies of 1789(13) keV (187Tam1)
and 2933(14) keV (187Tam2) [16,17]. More recently, our pre-
vious works reported on the internal decay from 187Tam1

[19], as well as the ground-state β decays [20], and revised
the values of the neutral-atom 187Tam1 half-life and excita-
tion energy to 7.3(9) s and 1778(1) keV, respectively, from
those measured in the form of bare ions at the ESR. 187Tam1

was assigned Iπ = Kπ = (25/2−) based on the observation
of decay patterns towards the rotational band built on the
9/2−[514] single-proton state. It turned out that axial sym-
metry is slightly broken from the observed signature splitting
in the 9/2− rotational band and the reduced hindrance for
the E2 decay of the (25/2−) isomer in comparison with the
neighboring isotopes/isotones [21,22]. However, the decay
properties of a higher-lying isomer, 187Tam2, and its charac-
terization remain to be scrutinized. This paper is dedicated to
the first direct observation of decay radiations from 187Tam2

in order to bring a series of works concerning 187Ta at the
KEK Isotope Separation System (KISS) facility [19,20] to
completion.

II. EXPERIMENTAL DETAILS

The experiment was performed using the KISS setup at the
RIKEN Nishina Center in Japan. A 50-pnA primary beam of
136Xe was accelerated up to 7.2 MeV per nucleon using the
RIKEN Ring Cyclotron and incident on a natural tungsten
target (28% 186W) with a thickness of 5 µm mounted on a
rotating wheel. Following MNT reactions between the beam
and target nuclides, the reaction products were stopped in
the gas cell filled with high-pressure (80 kPa) gaseous argon
and subsequently transported by a gas flow towards the cell
outlet where a laser ionization technique is applied for element
selectivity. The 187Ta+ ions were extracted at an energy of 20
keV by the rf ion guides, followed by mass separation through
the dipole magnet with a mass resolving power A/�A = 900.
For more details about the technical development and recent
progress of the KISS equipment, the reader is referred to
Refs. [23–26].

During five days of data taking, the 187Ta+ ions were ex-
tracted with an average intensity of 1.5 ions/s and transported
either to a decay spectroscopy setup [27] or to a multire-
flection time-of-flight (MRTOF) device for high-resolution
mass measurements [28], the latter of which was installed
at 90◦ with respect to the original KISS beam axis. The
beam trajectory was switched between the decay station and
MRTOF using an electrostatic deflector located about 1 m
upstream of the terminal of the beamline. For decay mea-
surements, the secondary beams were distributed to the decay
station and MRTOF during given periods of beam-on (Ton)
and beam-off (Toff), respectively, in one cycle. The adopted
Ton/Toff conditions in this experiment were 30/30, 300/300,
and 1800/1800 s in order to accommodate the decay half-lives
of 187Tag,m1,m2 reported previously at the ESR mass measure-
ments [16,17]. A total of about 1.36 × 105 187Ta nuclides
were collected with Ton/Toff = 1800/1800 s and used for the
data analysis described in Sec. III.

The decay station consists of a tape-transport system with
a 12-µm-thick aluminized Mylar tape, on which the 20-keV
secondary beams were implanted, a multisegmented propor-
tional gas counter (MSPGC) [29,30], and four large-volume
Clover-type HPGe detectors arranged in a close geometry.
A full-energy peak efficiency of 7.8% (15%) was achieved
for a γ ray at 1 MeV (150 keV) with the four Clover-type
HPGe detectors operated in the so-called add-back mode.
The residual radioactivity was removed from the implantation
position by rolling up the Mylar tape by about 30 cm at the
end of each cycle. The MSPGC covered 80% of a 4π solid
angle with two concentric layers of 16 gas counters around
the Mylar tape. The MSPGC has a capability to distinguish
between high-energy β rays, which can penetrate adjacent gas
counters in the inner and outer layers, and low-energy (� 100
keV) internal-conversion electrons (ICEs) that are likely to be
detected only by the inner layer.

III. RESULTS OF DATA ANALYSIS

The following analysis of γ -ray spectra always uses
coincidences with the MSPGC: The analysis method that
requires events only in the inner layer is referred to as the
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FIG. 1. Gamma-ray energy spectrum measured in coincidence with MSPGC (M = 1) within an electron-γ time window of ±200 ns after
implantation of 187Ta. Transitions emitted in the 187Tam1 → 187Tag, 187Tag → 187W, and 187W → 187Re decays are marked with asterisks,
daggers, and crosses, respectively. Previously unreported γ rays are colored in red. The inset shows a γ -ray energy spectrum measured by
gating on the 569-keV γ ray.

multiplicity-1 (M = 1) mode, while it is denoted as the
multiplicity-2 (M = 2) mode when a pair of the inner- and
outer-layer gas counters is fired.

Figure 1 shows the γ -ray energy spectrum measured in
coincidence with MSPGC (M = 1) within an electron-γ time
window of ±200 ns. All of the labeled γ -ray and x-ray lines,
except peaks at 327- and 569-keV, have been identified in
our previous works for the decay of 187Tag [20] and 187Tam1

[19]. It should be noted that the 569-keV γ ray could have
been clearly observed neither in coincidence with MSPGC
(M = 2) nor with gates on any γ -ray peaks corresponding
to the transitions between 187Tam1 and 187Tag (see Fig. 1 in
Ref. [20] and Fig. 3 in Ref. [19]), implying that the emission
of the 569-keV γ ray takes place following internal decay
of a long-lived isomer other than 187Tam1. The most probable
candidate for the origin of the 569-keV transition is 187Tam2,
which was previously identified in the ESR measurements
[16,17]. This assignment can be supported by the fact that
the Ta Kα x rays have been observed in coincidence with
the 569-keV γ ray, as exhibited in the inset of Fig. 1. It was
also found that the γ rays of 569 and 327 keV are in mutual
coincidence. Thus, the 569–327-keV cascade is suggested to
feed 187Tam1 in the decay from 187Tam2, though their order is
ambiguous. The energy sum for these two transitions is 259
keV smaller than the gap in mean energy between 187Tam1

[1778(1) keV [19]] and 187Tam2 [2933(14) keV [16]], and this
residual energy is much larger than the square root of the sum
of squares of the uncertainties. However, no γ -ray peaks are
visible around 260 keV or lower with a gate on the 569-keV γ

ray (see the inset of Fig. 1), presumably because the long-lived
187Tam2 undergoes internal decay through a high-multipolarity
transition dominated by internal conversion processes. As
such, the emitted ICEs could be detected by MSPGC and
served for coincidence measurements with the subsequent γ

rays.
Figure 2(a) shows a time distribution measured in the

Ton/Toff = 1800/1800 s dataset with a sum of gates on the

569- and 327-keV γ transitions with appropriate background
subtraction. A log-likelihood fit to the time distribution by
taking into account the growth and decay curves with a uni-
form background yields a half-life of 137(30) s, which differs
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FIG. 2. Background-subtracted γ -ray time distributions mea-
sured with a sum of gates on (a) the 327- and 569-keV transitions in
coincidence with MSPGC (M = 1) and (b) those below the (11/2+)
isomer in 187W in coincidence with MSPGC (M = 2) within an
electron-γ time window of 0.2–0.8 µs. The measurements of the
growth and decay curves were carried out using macroscopically
pulsed 187Ta+ beams with a Ton/Toff condition of 1800/1800 s. The
red solid lines represent the result of a log-likelihood fit.
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appreciably from those of 187Tag [283(10) s [20]] and 187Tam1

[7.3(9) s [19]].
The possibility of β decay from 187Tam2 was suggested in

the ESR experiment [16,17]. We therefore explored β-decay
branches from 187Tam2 towards the daughter nucleus 187W.
In Fig. 3(a), a sum of electron-γ time differential spectra for
transitions in 187W [20,31] measured with MSPGC (M = 2)
exhibits a long tail at late times. A fit to the delayed compo-
nent results in a half-life of 1.54(13) µs, consistent with the
reference value for the (11/2+) isomeric state at 411 keV in
187W [31]. The 46-keV γ ray, which deexcites the (11/2+)
isomer [31], can be unambiguously observed by choosing an
electron-γ time window of 0.2–8.0 µs, as shown in Fig. 3(b).
However, it is unlikely that the (11/2+) state is populated
directly from the (7/2+) state of 187Tag via a second-forbidden
β decay in competition with strong first-forbidden transitions
towards the lower-lying negative-parity states in 187W. Fur-
thermore, no transitions have been assigned as feeding the
(11/2+) isomer at 411 keV in the decay of 187Tag [20] de-
spite the sufficiently large Qβ value of 3010(60) keV [32].
The value of the half-life derived from a fit to the summed
gated time spectra for the delayed γ rays below the (11/2+)
isomeric state in 187W is in reasonable agreement with that
for the internal-decay transitions from 187Tam2, as compared
in Figs. 2(a) and 2(b). Thus, it is rational to conclude that there
is a β-decay pathway from 187Tam2 towards higher-spin states,
which subsequently populate the (11/2+) isomeric state in
187W. Several transitions are known to feed the (11/2+) iso-
meric state in 187W [33]. In the present paper, however, no
such feeding transitions have been clearly observed as discrete
γ -ray lines despite a careful analysis of γ -γ coincidences

with respect to the delayed transitions below the (11/2+)
isomer. A possible reason for their nonobservation is that the
187Tam2 β decay disperses into some states at high spin in
the daughter nucleus 187W, making it difficult to identify the
respective γ rays with the limited statistics. Identification of
the intermediate states populated by the β decays of 187Tam2

remains a challenge for future experiments.
The half-life of 187Tam2 was determined to be 136(24)

s by taking a weighted average of the half-lives extracted
from the time distributions for the internal and external de-
cay branches shown in Figs. 2(a) and 2(b), respectively. This
neutral-atom half-life measured at rest is much shorter than
the lower limit (> 5 min) obtained for fully stripped ions in
the ESR mass measurements [16,17], due partly to the fact
that internal-conversion processes cannot occur in bare ions
during flight through the ESR. A more precise value of the
bare-ion half-life, which should be measured with an optimum
ESR setting [17], is needed to put a constraint on the total
conversion coefficient (αT ) for a transition deexciting 187Tam2

in comparison with the the neutral-atom half-life measured in
the present paper.

Figure 4 displays the proposed decay scheme of 187Tam2.
As already mentioned, the order of the 569- and 327-keV tran-
sitions was undetermined and the 259-keV transition, which
should be highly converted, was not observed. It is to be noted
that, if either of the 569- or 327-keV transitions deexcited
187Tam2, a subsequent level that would decay via a high-
multipolarity 259-keV transition should be long lived: This
is at variance with the fact that the 569- and 327-keV γ rays
were observed in prompt coincidence with MSPGC (M = 1).
Thus, in the following discussion, the internal transition (IT)
branch is assumed to proceed only with the unobserved 259-
keV transition. The total decay constant of 187Tam2, λm2 =

0.693
136(24) = 5.1(9) × 10−3 s−1, is the sum of the partial de-
cay rates for the IT (λIT) and β decay (λβ), which can be
expressed as

λm2 = (1 + αT,259) × λγ ,259 + λβ

= (1 + αT,259 + R) × λγ ,259, (1)

where αT,259 and λγ ,259 are the total conversion coefficient
and the partial decay rate for γ -ray emission of the 259-keV
transition, respectively, and R = λβ

λγ ,259
represents the ratio of

partial decay rates for β and γ branches from 187Tam2. The
values of αT,259 can be calculated by the BRICC code [34] for
possible multipolarities L259, as given in the second column
in Table I. To evaluate λγ ,259 and the corresponding transition
probability for the IT-γ branch, it is necessary to estimate the
β/γ branching ratio R.

The value of R can be evaluated as follows: The electron-γ
coincidence measurement with MSPGC (M = 1), shown in
Fig. 1, yielded 41(10) events of the 569-keV γ ray, which can
be associated with the total yield of 187Tam2 (Ym2) as

Nγ ,569 = Ym2 × pγ ,259 × 1 + αT,259

1 + αT,569
× εGe(569)

×
(

αT,259

1 + αT,259
+ αT,327

1 + αT,327

)
× εGC(M=1), (2)
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TABLE I. Properties of the presumed 259-keV deexcitation of 187Tam2. See the text for details.

L259 αT,259 pβ/pγ ,259 λγ ,259 (s−1) B(L259) (W.u.) log F

E1 0.03 0.10(3) ≈ 0.35(12) {3.7(7) ≈ 4.5(8)} × 10−3 {6.3(12) ≈ 7.7(14)} × 10−17 16.11(8) ≈ 16.20(9)
M1 0.30 0.6(2) ≈ 1.0(3) {2.2(5) ≈ 2.6(6)} × 10−3 {4.1(9) ≈ 4.8(10)} × 10−15 14.32(9) ≈ 14.39(10)
E2 0.13 0.29(10) ≈ 0.58(19) {3.0(6) ≈ 3.6(7)} × 10−3 {3.3(7) ≈ 4.0(8)} × 10−11 10.40(8) ≈ 10.48(9)
M2 1.32 2.7(9) ≈ 3.3(11) {0.9(2) ≈ 1.0(3)} × 10−3 {1.1(3) ≈ 1.2(3)} × 10−9 8.92(11) ≈ 8.97(12)
E3 0.69 1.4(5) ≈ 1.9(6) {1.4(4) ≈ 1.6(4)} × 10−3 {1.6(4) ≈ 1.8(4)} × 10−5 4.75(10) ≈ 4.81(11)
M3 5.05 10(3) ≈ 12(4) {2.8(8) ≈ 3.2(9)} × 10−4 {3.3(9) ≈ 3.6(10)} × 10−4 3.44(12) ≈ 3.49(12)
E4 4.16 8(3) ≈ 10(3) {3.4(10) ≈ 3.8(10)} × 10−4 5.3(15) ≈ 5.9(16) −0.77(12) ≈ −0.72(12)
M4 20.7 42(14) ≈ 48(16) {7(2) ≈ 8(2)} × 10−5 {1.2(4) ≈ 1.3(4)} × 102 −2.13(12) ≈ −2.08(13)

where pγ ,259 denotes the proportion of the IT branch through
emission of the 259-keV γ ray. Meanwhile, the number of
observed counts of the 46-keV γ ray in the daughter nucleus
187W reflects pβ , the proportion of the β-decay branch that
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FIG. 4. Proposed decay scheme of 187Ta and levels in the daugh-
ter nucleus 187W. The numbers in bold letters represent the level
half-lives determined in Refs. [19] and [20] and the present paper.
The hatched area indicates the presence of intermediate states in
187W, which are populated by the β decay from the 2933(14)-keV
isomer in 187Ta and subsequently decay towards the lower-lying
levels. The dotted arrows represent presumed γ transitions. Spins,
parities, and excitation/γ -ray energies in parentheses denote ten-
tative assignments. The levels and transitions between the (25/2−)
isomer and the ground state in 187Ta, which are shown in Fig. 2 in
Ref. [19], are omitted. The Qβ value for the 187Ta → 187W β decay
is taken from Ref. [32].

subsequently feeds the (11/2+) isomer, thus,

Nγ ,46 = Ym2 × pβ × εGC(M=2) × 1

1 + αT,46
× εGe(46). (3)

Note that, since there may be pathways that bypass the
(11/2+) isomer in 187W, the value of pβ should be considered
as a lower limit of the β-decay branch from 187Tam2, therefore,
R >

pβ

pγ ,259
.

In Eqs. (2) and (3), the energy dependent γ -ray (add-
backed) full-energy peak efficiency εGe(Eγ ) was estimated with
152Eu and 133Ba standard sources placed at the beam implan-
tation position. For the detection efficiency of the MSPGC,
εGC(M=2) = 58(5)% was adopted from Fig. 15 in Ref. [27]
with 5.53(6) MeV, which corresponds to the difference in
energy between 187Tam2 and the (11/2+) isomer in 187W. The
value of εGC(M=1) was estimated to be 43(8)% using the inten-
sity of γ rays from the (9+) isomeric state in 186Ta measured
in the same dataset [35].

Concerning Eq. (3), the efficiency-corrected total transition
intensity for the 46-keV γ transition, (1 + αT,46) × Nγ ,46

εGe(46)
, is

balanced with the sum of the transitions of 149, 273, and 287
keV in 187W (see Fig. 4), where these γ rays are measured
in electron-γ delayed coincidence within the same time win-
dow, e.g., 0.2–8 µs, as demonstrated in Fig. 3(b). As such, a
weighted average of the total transition intensities was taken
between the 46-keV transition and the sum of the subsequent
three transitions for the evaluation of pβ . The loss of events
that occur out of the applied electron-γ time window was also
taken into account.

The value of pγ ,259, which can be derived from Nγ ,569 in
Eq. (2), varies with αT of the 259-, 327-, and 569-keV tran-
sitions. Here, the 327- and 569-keV γ rays are considered of
either E1, M1, or E2 character; i.e., for a given multipolarity
L259 (and αT ) of the 259-keV transition, there are 3 × 3 com-
binations of αT,327 and αT,569. (It is unlikely that the 327- and
569-keV transitions have an M2 or higher multipolarity since
they were observed in electron-γ and γ -γ coincidence within
a prompt time window.) Among the possible nine values of
pγ ,259, it was found that the largest (smallest) one is given
when the 327- and 569-keV transitions have E1 (M1) and
M1 (E1) multipolarities, respectively, in every case of L259

considered here. For each L259, the range of pβ

pγ ,259
calculated

with 1σ confidence limits for the minimum and maximum
values is presented in the third column in Table I. Since the
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quantity pβ

pγ ,259
puts a lower limit on the β/γ branching ratio R,

the values of λγ ,259 and the corresponding reduced transition
probabilities B(L259) given in the fourth and fifth columns in
Table I must be considered as the upper limits.

IV. DISCUSSION

Excited state lifetimes become longer when electro-
magnetic transitions proceed with low energy and/or high
multipolarity, as well as when a large change in the K quantum
number is involved in well-deformed nuclei. In the latter case,
it is empirically known that the hindrance, which is defined
as the ratio of the partial γ -ray emission lifetime relative
to the Weisskopf single-particle estimate, F = τγ

τW
, rises ex-

ponentially with the difference in K between the initial and
final states (or, the shortfall with respect to the transition
multipolarity L, known as the degree of K forbiddenness,
ν = ΔK − L), and the so-called reduced hindrance fν = F

1
ν

ranges typically from 30 to 200. Following the previous sug-
gestion by Löbner [36] about the observed hindrances that
would have an L-dependent offset, Kondev et al. [37] have
adopted an approach to separate the hindrance into an intrinsic
hindrance (F0) that depends on L and a factor ( f0) to the νth
power: The product of these two terms, i.e., F = F0 × f ν

0 , or
more conveniently, its logarithmic form, logF = logF0 + ν ×
log f0, was used to fit the available data of hindrances as a
function of ΔK [37]. For E1, M1, and E2 multipolarities, the
values of F0 and f0 were evaluated from a linear fit to the
centroids of the logF distribution, whereas the individual data
were analyzed for E3 (see Figs. 15 and 16, and Table C in
Ref. [37]). There is no evaluation for other multipolarities, but
it is possible to analyze the M2 hindrances in a similar way to
the E3 cases.

We considered what value of the K quantum number
187Tam2 can possess based on the systematics of the logF
values. The sixth column in Table I shows the ranges of logF
evaluated for the respective L259. If the 259-keV transition
were of E1, M1, or E2 character, the logF value would be
quite large (>10), corresponding to ΔK larger than 10h̄ in
comparison to Fig. 15 in Ref. [37]. Such low-L and large-ΔK
transitions, if any, should be followed by a cascade of four
or more γ rays within the rotational band built on a lower-
K state. This is inconsistent with what was observed in the
present paper, whereby the possibility of E1, M1, and E2
deexcitation from 187Tam2 can be ruled out. On the other hand,
an E3 decay with logF = 4.7–4.9 is expected to have a ΔK
of 5h̄ or 6h̄ by considering the parameters F0 and f0 with their
uncertainties determined for E3 hindrances in Ref. [37]. A
similar analysis of the individual M2 hindrances compiled in
Ref. [37] implies that an M2 transition with logF = 8.8–9.1
can proceed with ΔK = 6h̄ or 7h̄. For M3, there are few data
available to see the trend of logF with different values of ΔK .
Given ΔK = 5h̄ and 6h̄ for an M3 transition, logF = 3.3–3.6
results in fν = 45–63 and 13–16, respectively, comparable to
fν = 27(1) obtained for the E2 decay of 187Tam1 [19], indi-
cating significant K mixing due to a loss of axial symmetry.
The cases of E4 and M4 are unlikely to take place as a pure
multipolarity since they would be enhanced (logF < 0). In

FIG. 5. Neutron (left) and proton (right) single-particle energies
as a function of the quadrupole deformation parameter β2 calculated
based on a Woods-Saxon potential and universal parameters with
β4 = −0.06 and γ = 0◦ around the N = 114 and Z = 73 Fermi
surfaces.

conclusion, plausible candidates for the 187Tam2 deexcitation
are of M2 (ΔK = 6h̄ or 7h̄), E3 (ΔK = 5h̄ or 6h̄), and M3
(ΔK = 5h̄ or 6h̄) character. The K quantum number of the
(observed) state to which 187Tam2 decays is considered to be
equal to or larger than 187Tam1 (K = 25/2). Thus, 187Tam2 is
expected to have K � 35/2 from the above argument on the
possible multipolarity.

To discuss the structure of 187Tam2, we have performed
configuration-constrained potential-energy-surface (CCPES)
calculations [38] based on a Woods-Saxon (WS) potential
with the so-called universal parameters [39]. Figure 5 shows
the SP energies of Nilsson orbits �π [Nnz�] for neutrons
and protons versus the positive (prolate) axial quadrupole
deformation parameter β2 calculated for β4 = −0.06 and
γ = 0◦ at the ground state of 187Ta with the same WS po-
tential. Around the Z = 73 and N = 114 Fermi surfaces at
β2 ≈ 0.2, three proton (π ) orbitals, 7/2+[404], 9/2−[514],
and 5/2+[402], and five neutron (ν) orbitals, 1/2−[510],
3/2−[512], 7/2−[503], 11/2+[615], and 9/2−[505], are con-
sidered to contribute to the formation of multiquasiparticle
(qp) states with Kπ , which is given as the sum of the respec-
tive �π values. For instance, the same CCPES calculations
indicated that within a narrow range of excitation energy
there are two Kπ = 25/2− states with 3qp configurations
of π ⊗ ν2 type, π{9/2−[514]} ⊗ ν2{9/2−[505], 7/2−[503]}
and π{7/2+[404]} ⊗ ν2{11/2+[615], 7/2−[503]} (denoted as
[25/2−]A and [25/2−]B, respectively, for later discussion),
which are the candidates for 187Tam1 but unable to be dis-
tinguished from an experimental point of view [19]. The
largest among the K values of such 3qp states consist-
ing of the aforementioned deformed SP orbitals near the
Fermi surfaces is 29/2h̄. Thus, it is necessary to consider
5qp configurations, such as π3 ⊗ ν2 and π ⊗ ν4, for the
higher-lying isomer 187Tam2, which can be constrained ex-
perimentally to have K � 35/2, as discussed in the previous
paragraph.
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TABLE II. Calculated deformation parameters (β2, β4, γ ) and excitation energies Ecal of selected high-K states with five-quasiparticle
configurations in 187Ta using a configuration-constrained potential-energy surface model.

Kπ Configuration β2 γ (◦) β4 Ecal (keV)

35/2− π{7/2+[404]} ⊗ ν4{7/2−[503], 9/2−[505], 11/2+[615], 1/2−[510]} 0.198 0 −0.067 3084
37/2− π{7/2+[404]} ⊗ ν4{7/2−[503], 9/2−[505], 11/2+[615], 3/2−[512]} 0.198 −3.5 −0.067 2958
37/2− π 3{9/2−[514], 7/2+[404], 5/2+[402]} ⊗ ν2{7/2−[503], 9/2−[505]} 0.195 −0.3 −0.065 3148
37/2+ π{9/2−[514]} ⊗ ν4{7/2−[503], 9/2−[505], 11/2+[615], 1/2−[510]} 0.191 −0.1 −0.061 2967
39/2+ π{9/2−[514]} ⊗ ν4{7/2−[503], 9/2−[505], 11/2+[615], 3/2−[512]} 0.195 4.8 −0.061 2830
39/2+ π 3{9/2−[514], 7/2+[404], 5/2+[402]} ⊗ ν2{7/2−[503], 11/2+[615]} 0.205 −0.1 −0.073 2859
41/2+ π 3{9/2−[514], 7/2+[404], 5/2+[402]} ⊗ ν2{9/2−[505], 11/2+[615]} 0.195 −0.3 −0.066 3152

In Table II, calculated excitation energies and deforma-
tion parameters (β2, β4, γ ) for selected 5qp configurations
are summarized. These high-K states are predicted to lie
around 3 MeV, comparable to the measured excitation en-
ergy of 187Tam2. It can be found that, except for the Kπ =
41/2+ case, the configurations listed in Table II include ei-
ther of the candidate configurations for 187Tam1, [25/2−]A

or [25/2−]B; thus, they are expected to feed preferentially
the levels within the Kπ = 25/2− rotational band at lower
excitation energy via K-forbidden transitions. For instance,
the second Kπ = 39/2+ state predicted at 2859 keV is
likely to decay towards the Kπ = 25/2− band member(s)
via the π2{5/2+[402], 9/2−[514]} → 0 (ΔK = 7h̄) transition
involving a parity change with the [25/2−]B component being
a common spectator in the initial and final states. Therefore,
in the context of the internal decay patterns, we are unable to
make a unique choice in terms of the Kπ and configuration of
187Tam2 from the calculated levels of K � 35/2. Despite the
difficulty in distinguishing between them, axially symmetric
prolate deformation (β2 ≈ 0.2, γ ≈ 0◦) is a common feature
of the predicted high-K states.

V. SUMMARY

The decay properties of a high-spin, long-lived isomer
in 187Ta, which was previously identified at 2933(14) keV
by nuclear mass measurements with the ESR at GSI, have
been investigated for the first time using the KEK Isotope
Separation System in RIKEN Nishina Center. A half-life of
136(24) s determined in the present paper is much shorter

than the value reported at ESR. The internal decay branch
was assigned as feeding the Kπ = (25/2−) isomeric state,
while the γ rays deexciting the Kπ = (11/2+) isomer in
the daughter nucleus 187W have been observed in electron-γ
delayed coincidence, indicating the occurrence of β decay
from the high-spin isomer. Based on the evaluated hin-
drances for K-forbidden transitions, K � 35/2 was proposed
for the long-lived isomer in 187Ta. For these possible Kπ

states, configuration-constrained potential-energy-surface cal-
culations predict axially symmetric prolate deformation with
five-quasiparticle configurations.
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