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Abstract. A seven-quasiparticle isomer with K™ = (49/2%) and T}/, = 53(*%) ns has been identified in
179Ta. By comparing its excitation energy with results from multi-quasiparticle calculations that include
the effects of blocking and residual nucleon-nucleon interactions, the isomer is assigned the 72(5/2%[402],
7/27[404], 9/27[514]) ® v*(5/27[512], 7/27[514], 7/27[503], 9/2%[624]) configuration. The decay of this
isomer is found to be unusually fast, a feature that is attributed to a mixing with a specific collective level.
The interaction strength is found to be orders of magnitude lower than that observed between interacting

collective levels.

PACS. 21.10.Re Collective levels — 21.10.Tg Lifetimes — 23.20.Lv ~ transitions and level energies —

27.70.4+q 150 < A <189

Metastable (isomeric) states formed by combining the
spins of individual nucleons along the symmetry axis (£2;)
are frequently observed in deformed rare-earth nuclei near
A ~ 180 [1]. The long lifetimes arise from large changes
in the K quantum number (K = Y {2;) between the ini-
tial and final states, thus resulting in highly hindered (K-
forbidden) transitions. In most cases the isomer’s decay
paths obey the so-called K selection rule, i.e. they proceed
through intermediate states so that AK is minimized.
However, in some cases, unexpectedly large branches to
levels with much lower K value are observed. Such de-
cays have been commonly associated with various degrees
of K-mixing introduced by shape changes involving the
~ degree of freedom [2], or with random mixing because of
the high density of states above the yrast line [3], although
the exact mechanism remains uncertain. Recent studies of
176Lu [4] and '82Re [5] provided evidence that collective
levels lying within a few keV of the isomer can affect the
half-life and, hence, the corresponding decay properties,
significantly.
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Here, we report on the discovery of a seven-
quasiparticle isomer in '7Ta that exhibits unusually fast
decays. This is attributed to a local mixing between the
isomeric state and a nearby member of a collective, five-
quasiparticle band. The interaction mixing matrix element
is found to be a few orders of magnitude smaller than that
typically observed between interacting levels in the collec-
tive domain.

The results presented here were obtained from mea-
surements using i) a 820 MeV !3%Xe pulsed beam (1 ns
on/825 ns off) from the ATLAS accelerator at Argonne
National Laboratory (ANL) incident on a 6 mg/cm? thick
Lu target, enriched to 47% in 17°Lu, with a 25 mg/cm? Au
foil directly behind it to stop recoils at the target position,
and ii) the 1"Yb("Li, 4n) reaction with pulsed beams from
the 14UD Pelletron accelerator of the Australian National
University (ANU). Details regarding the 176Yb(7Li, 4n)
experiment have been published in full [6].

The beam energy used in the ANL experiment (~ 20%
above the Coulomb barrier) allowed a number of nuclei
to be populated by transferring nucleons between target
and projectiles, as detailed recently [7]. The recoils de-
cayed at the focus of the Gammasphere spectrometer [8],
comprised for this experiment of 96 Compton-suppressed
Ge detectors. A total of approximately 3 x 10 events,
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Fig. 1. Partial level scheme of '"Ta showing the decay of
the K™ = (49/2%) and previously known [6,9] 37/2" isomers.
Transition energies are accurate to within +0.5 keV.

with fold > 3, was collected. The data were sorted off line
into BLUE database formats [10], from where a variety
of v-v and ~--7 histograms were produced with different
relative and absolute time conditions, and energy gating
conditions as reported recently [7].

A new isomer was observed at 5393 keV in 7°Ta, feed-
ing the I™ = 45/2% and 47/2" members of the previously
known K™ = 37/2% band [6]. A partial level scheme, show-
ing the decay path of the isomer is presented in fig. 1. An
out-of-beam coincidence gamma-ray spectrum produced
by double gating on pairwise combinations of the 452, 471,
489 and 500 keV ~-rays is shown in fig. 2. All transitions
previously assigned to the K™ = 37/2% band [6] can be
clearly seen, including the 500 and 989 keV ~-rays that are
proposed here to directly depopulate the 5393 keV isomer.

In the earlier work [6], the 5393 keV state (actually
given at 5391 keV because of a small difference in energy
calibration) had been assigned as a possible band member
since the fact that the state has a significant lifetime was
overlooked in the earlier analysis, even though its energy
was several keV lower than expected. Re-examination of
those data agrees with the current assignment and has
also allowed the identification of a more weakly populated
candidate band member, connected by the 995 keV tran-
sition, as seen in the spectrum shown as an insert in fig. 2.

Levels were also identified above the isomer, as shown
in fig. 1. The 353.3 and 208.6 keV ~-rays, whose ordering
is based partly on their relative intensities, were assigned
to depopulate levels at 5746 and 5955 keV, respectively.
The order is not unambiguous, but if the 208.6 keV transi-
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Fig. 2. Coincidence gamma-ray spectrum in the out-of-beam
time region from the ANL experiment produced by sum-
ming gates on pairwise combinations of the 451.6, 470.6, 488.9
and 500.0 keV ~-rays. The insert shows the high-energy part
of a gamma-ray coincidence spectrum from the ANU ex-
periment [6], produced by summing gates on the 410.4 and
431.4 keV ~-ray in a £170 ns wide time window centered on
the in-beam region.

tion is indeed the higher transition, it cannot have M1 or
E2 multipolarity since that would imply a relatively large
conversion coefficient and cause an intensity imbalance.
The 527.3 keV ~-ray is interpreted as the first cascade
(AI = 1) transition within the band associated with the
isomer, primarily on the basis of its energy. The half-life
of the 5393 keV state is deduced as Ty, = 53(*3) ns by
fitting background subtracted time spectra from the ANU
experiment, produced by gating on K™ = 37/2" in-band
cascade transitions.

The most likely spin-parity combination of the
5393 keV isomer is 49/27. The intensity ratio
1,(989)/1,(500) = 0.44 (4), deduced for the depopulat-
ing transitions using an out-of-beam coincidence ~y-ray
spectrum from the ANL experiment produced by sum-
ming gates on the 410.4 and 841.6 keV ~-rays is in agree-
ment with the value of 0.42 (17) obtained previously [6]
and would argue against I = 47/2. For example, if both
the 500 and 989 keV transitions were of dipole character,
one would expect I.,(989)/I,(500) ~ (989/500)* = 7.7.
Assignment of 49/27 is also unlikely since the 989 keV
gamma-ray would be a AK = 6 forbidden M2 transition
and, hence, a much longer lifetime for the isomer would be
expected. Examination of the crossover/cascade branch-
ing ratios for the levels up to I™ = 47/2% within the K™ =
37/2% band yields a weighted average value of |(gx —
gr)/Qo| = 0.049 (4) (eb)~!, using Qo = 7.22 (9) (eb) [11].
It agrees very well with the value of 0.053 (5) (eb)~! [6],
deduced from the 7Yb("Li, 4n) reaction, thus providing
a consistency check between the two data sets. Impor-
tantly, the 989/500 keV branching ratio is consistent with
that expected for a band member which is in turn a sig-
nature for the generation of a K-forbidden decay through
two-state mixing, as pointed out by Saitoh et al. [12].
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Table 1. Calculated and experimental states in *7Ta.
K™ Configuration ) E) E) B9 Ei;{c Eg()pt
v T (keV)

7/2% 7/2% 0 0 0 0
9/2~ 9/2~ 32 32 7 31
5/2% 5/2% 224 224 233 238
1/2- 1/2- 630 630 568 627
7/2” 7/2” 801 801 800(®
21/2~ 5/2%, 7/2%,9/27 1513 -7 1436 1504 1253
21/2° 7/27,9/2% 5/2F 1560 —138 1422 1500 1628
23/2° 7/27,9/2% 7/2F 1335 —156 1179 1218 1328
25/2%F 7/27,9/2% 9/2~ 1367 —114 1253 1267 1318
31/2% 1/27,9/2F 5/2%,7/2%,9/27 3282 —262 3020 2966 (2655)
33/27 7/27,9/2% 7/27,9/27,1/2” 3270 —389 2881 2902 2791
35/2% 5/27,9/2% 5/2%,7/2%,9/27 3413 —-98 3315 3320 (3183)
37/2% 7/27,9/2" 5/2%,7/2%,9/27 2848 —298 2550 2657 2640
49/2% 5/27,7/27,7/27, 9/2* 5/2%, 7/2%,9/27 5484 —367 5117 5393
49/2~ 5/27,7/27,7/2%, 9/2% 5/2%, 7/2%,9/27 6142 —109 6033 5983
51/2° 7/27,7/27, 7/2%, 9/2F 5/2%, 7/2%,9/2~ 5635 —144 5491 5746
53/2%F 3/27,7/27,7/2%,9/2F 7/2%,9/27, 11/27 6530 —329 6201
53/2% 7/27, 727 7/2, 9/2+ 7/2%,7/27,9/27 6789 —181 6608 (5955)
53/2~ 5/27,7/27,9/2%, 11/2% 5/2%, 7/2%,9/27 6505 —250 6255

(*) Configurations: neutrons (v): 1/27:1/27 [521]; 3/27:3/27 [512]; 5/27:5/27 [512]; 7/27:7/27 [514]; 7/2’/:7/27[503]; 7/2%:7/27[633];
9/2%:9/2%(624]; 11/21:11/27[615]. Protons (n): 1/27:1/27[541]. 5/2F:5/21[402]; 7/2F:7/2F[404]; 7/27:7/27[523]; 9/27:9/27 [514];

11/27:11/27 [505].

(b) Quasiparticle energies from the multi-quasiparticle calculations.
(°) Residual interactions energy shift. See ref. [6] for details.

(d) Ecale = Eqp — Eres from the present work.

(°) Ecale = Eqp — FEres from ref. [6].

(*) Experimental energies from the present work and ref. [6].

(&) Value estimated from the systematics of ref. [14].

Predictions of the excitation energy, spin and par-
ity for states in !"Ta have been obtained using multi-
quasiparticle blocking calculations. The procedure was
identical to that used in the previous work [6], where
the systematics of expected multi-quasiparticle states in
a chain of Ta nuclei, from '™Ta to '"Ta, was com-
pared to the experimental data. Specifically, the set of
single-particle orbitals originating from the N 4, 5
and 6 oscillator shells were taken from the Nilsson model
with parameters x and p from ref. [13], and deformations
€2 = 0.242 and 4 = 0.052. The states close to the proton
and neutron Fermi surfaces were adjusted to reproduce
approximately the experimental one-quasiparticle energies
in 7Ta (for the protons) and the average energies of the
observed states in 1"7Hf and 1™W (for the neutrons). A
notable difference between the present work and ref. [6]
is that the energies of the v7/27[503] and 77/27[523]
orbitals were adjusted here to reproduce the systemat-
ics of single-particle states compiled by Jain et al. [14].
Since these orbitals are involved in many of the seven-
quasiparticle configurations in 7 Ta, this approach allows
more reliable predictions of their location to be made
in the present work. After that no further adjustments
were allowed. The pairing correlations were treated us-
ing the Lipkin-Nogami prescription with fixed strengths
of G, = 20.8/A MeV and G, = 18.0/A MeV. The pre-

dicted energies of the multi-quasiparticle states were sub-
sequently corrected for residual interactions using the pre-
scription of ref. [15] and the Gallagher-Moszkowski split-
ting energies of ref. [16]. The calculated excitation ener-
gies for yrast and near-yrast high-K states in '7Ta, to-
gether with the experimental observations, are summa-
rized in table 1. Except for the highest states, the present
predictions are not significantly different from the earlier
ones [6], which are also included in the table. In general,
the theoretical and experimental energies for the multi-
quasiparticle states agree within 100 keV.

The lowest-energy seven-quasiparticle state predicted
has K™ = 49/2" and the

m3(5/27[402], 7/2%[404],9/27[514])
@vt(5/27[512],7/27[514],7/27[503],9/27 [624])

configuration. It is associated with the isomer at 5393 keV.
The configuration is related to that of the 37/2" isomer,
but with the addition of the v2(5/27[512],7/27[503])¢+
component. Calculations predict a K™ = 51/27 state aris-
ing from the

7(5/27402], 7/2[404],9/27 [514])
®@v*(7/27[633],7/27 [514],7/27[503],9/2[624])
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configuration, at 374 keV above the theoretical K™ =
49/2% state. It is a candidate for the level observed at
5746 keV, 353 keV above the isomer.

The higher states are less certain. As can be seen from
table 1, there are two calculated seven-quasiparticle states
with K™ = 53/2" and one with K™ = 53/27 at similar
energies. If the 51/27 assignment to the 5746 keV exper-
imental state is correct, the 5955 keV level would be of
positive parity since the connecting 209 keV transition
would have to be of E1 character, based on intensity con-
siderations that limit the possible value of its electron in-
ternal conversion coefficient. Of the two possibilities we
tentatively favor the K™ = 53/2+

73 (7/27[404],7/27 [523],9/27[514])
@ v (7/2%(633],7/27[514],7/27[503],9/27 [624])

configuration, even though it has the higher energy of the
pair (see table 1), since its configuration is closely related
to that of the 51/27 level to which it decays, and there is
no lifetime observed. In this case the configuration differ-
ence involves a single-orbital change, e.g. 77/27[523] —
75/27[402], whereas in the other case several orbitals
would have to be re-arranged. (It is worth noting that the
configurations of the two lowest-energy K = 53/2 states
contain orbitals whose single-particle energies were not ad-
justed in the calculation procedure, hence, their calculated
excitation energies may be less certain.)

The isomeric nature of the K™ = (49/2%1) state in
principle arises because the depopulating transitions are
K-forbidden. For a transition of multipole order, A, the
reduced hindrance factor per degree of K-forbiddenness,
fv, where v = AK — ), is defined as f, = F\}V/V7 where
Fy = TJ/Q/T;’}/Q and TJ/Q, and Tlvyz are the partial ~-ray
and the Weisskopf estimate half-lives, respectively. The
reduced hindrance factor obtained for the 989 keV E2
transition is f, = 11.8, a value that is surprisingly low
compared to those of equivalent AK = 6 decays in neigh-
boring Hf and Ta isotopes [17-22] which have values of
~ 20 and higher.

This is attributed to mixing between the isomer and
the 49/2%7 member of the K™ = 37/2% band. The candi-
date band member is (after mixing) only 6 (1) keV away,
as displayed in fig. 1. (Note that the energy of this state
falls on the energy expected for an essentially unperturbed
band member.) By assuming a two-level interaction, the
mixing amplitude, 3, of the collective state into the 49/2%
isomer can be estimated as [4,12]

B2 = o® x B(E2;989)P"/ B(EF2)°! (1)

where B(E2)! = (5/167)Q3|(IK20|I —2K)|? and Qg =
7.22 (9) eb [11]. The deduced value of 3 = 9.4 x 10~*
implies a mixing matrix element of only 6 (1) eV, a value
comparable to those reported for chance mixing in the
nearby nuclei 1"°Lu [4] and '82Re [5], that produces simi-
lar abnormally fast decays with f, = 3.7 and 4.7, respec-
tively. This value of the mixing matrix element is orders of
magnitude lower than that observed between interacting
collective levels which are typically of the order of tens of

keV [23,24]. The unusually fast decay in !™“Ta is there-
fore not a consequence of some erosion of the K quantum
number, but is rather due to a specific mixing between
two different, but closely spaced, quantum states. In con-
tradistinction, the very small interaction matrix element
is an indication of the clear separation in K configuration
space of the unperturbed states.

In summary, a new seven-quasiparticle isomer has been
identified in 1" Ta. In comparison with results from multi-
quasiparticle calculations the isomer is assigned K7 =
(49/2%) and the m3(5/27[402],7/2%[404],9/2[514])@v?
(5/27[512],7/27[514],7/27[503],9/27[624]) configuration.
The relatively fast decay of the isomer is interpreted in
terms of a “local” mixing with the 49/2% member of the
K™ = 37/2% band, with a very small interaction matrix
element.
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