
EPJ manuscript No.
(will be inserted by the editor)

g factor of the 12+ K-isomer in 174W

M. Rocchini1,2,3, A. Nannini1, G. Benzoni4,a, E. Vigezzi4, B. Melon1, P.R. John5,6,7, S. Bottoni4,8, S. Ceruti4,8,
R. Avigo4,8, P. Sona1, C.A. Ur6, D. Bazzacco5,6, N. Blasi4, G. Bocchi4,8, A. Bracco4,8, F. Camera4,8, S. Capra4,8,
F.C.L. Crespi4,8, E.R. Gamba4,8, G. Georgiev9, A. Giaz4,8, A. Gottardo10, S. Leoni4,8, R. Menegazzo6, D. Mengoni5,6,
C. Michelagnoli11,b, B. Million4, V. Modamio10, A.I. Morales4,8, D.R. Napoli10, M. Ottanelli1, L. Pellegri4,8,
A. Perego1,2, J.J. Valiente-Dobón10, and O. Wieland4

1 INFN Sezione di Firenze, IT-50019 Firenze, Italy
2 Università degli Studi di Firenze, Dipartimento di Fisica e Astronomia, IT-50019 Firenze, Italy
3 University of Guelph, Department of Physics, N1G2W1 Guelph, Canada
4 INFN Sezione di Milano, IT-20133 Milano, Italy
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Abstract. The g factor of the 12+ K-isomer in 174W has been measured by means of the time-differential
perturbed angular distribution technique as g(12+) = +0.304(11). In addition, the half-life of the isomer
has been remeasured as T1/2(12+) = 124(8) ns, in agreement with the literature value and confirming the
anomalous hindrance F of the E2 transition to the 10+ level of the ground state band with respect to the
γ-tunnelling model prediction. The measured g factor has been compared with estimates based on exper-
imental g factors from odd-mass isotopes in the same mass region and with Nilsson model calculations.
The results establish unique features of the 12+ K-isomer in 174W, which can possess a non-pure intrin-
sic configuration and/or can be characterised by values of the intrinsic quadrupole moment Q0 and the
rotational g factor gR significantly different with respect to the majority of K-isomers at mass A ≈ 180.

PACS. 21.10.Ky Electromagnetic moments – 21.10.Tg Lifetimes, widths – 21.10.Re Collective levels –
27.70.+q 150 ≤ A ≤ 189

1 Introduction

Isomeric states have historically played a major role in
our understanding of the interplay between single-particle
and collective properties in nuclear matter [1,2]. Since
their discovery [3,4], these states have been main charac-
ters to establish what nowadays are well-known features of
atomic nuclei, such as the spin-orbit coupling, pairing ef-
fects and superfluidity in well deformed, rotating isotopes
[5,6]. At present, isomers are exploited to test our com-
prehension of nuclear structure [7,8] and are important to
investigate how elements are produced in the universe [9].
In addition, they are employed in nuclear medicine [10].
Other fields of application are being explored, for instance,
the use of these nuclear states for energy storage [11] and
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to realise coherent γ–ray emission [12]. A detailed under-
standing of the isomer decay properties is crucial for these
studies, in particular for isomer manipulation and control.

In the Os–Hf–W isotopes with mass A ≈ 180 many
high-spin metastable states have been identified, the so-
called K-isomers. These states arise from the approximate
conservation of K, which, for axially deformed nuclei, is
the projection of the spin on the symmetry axis: consider-
ing a transition of order λ characterised by a variation in
K equal to ∆K, selection rules would allow such transi-
tion only when λ > ∆K if K is a good quantum number.
Actually, hindered transitions with λ < ∆K are possible,
with a degree of forbiddenness ν = ∆K − λ. In order to
classify the decay properties of K-isomers, the hindrance
F and the reduced hindrance fν are typically used, which
are defined as F = T1/2/T

W
1/2 (where T1/2 and TW1/2 are

the partial half-life of the transition and the correspond-
ing Weisskopf estimate [1], respectively) and fν = F 1/ν .
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Fig. 1. Decay pattern of the K = 12+ isomer in 174W. The intensities of the transitions de-exciting the isomer are indicated,
given relative to the 4+ → 2+ transition (243 keV) for which the intensity is 10000(300). The γ–cascade of interest for the
present work is shown in red. The level scheme and the reported quantities are taken from ref. [18].

Notably, hindered transitions in K-isomers are commonly
characterised by fν ≈ 30− 300, a relatively narrow range
considering that this is valid for the entire nuclide chart
[13,14].

The overall properties of high-spinK-isomers with pre-
dominant decay to the ground state band are often ex-
plained as a consequence of the γ-tunnelling mechanism
[15–17]. Following this interpretation, the decay is de-
scribed as a change of the nuclear orientation through a
barrier in the γ degree of freedom, along a constant de-
formation β. Values of F within an order of magnitude
agreement with the measured ones are typically obtained
in this model [16,18], and other second-order effects are
implied when the calculated hindrance is larger than the
experimental value. The opposite case of smaller calcu-
lated F , instead, indicates that the γ-tunnelling interpre-
tation is totally inappropriate [16] and other mechanisms
need to be taken into account, such as shape changes,
γ softness, mixing between states with the same K (K-
mixing) and mixing with states with same spin and parity
but different K (statistical mixing) [15,19,20]. Detailed
studies have been performed to consider these effects in a
few specific cases (see for instance [15,20]) but a compre-
hensive and more quantitative description of the K-isomer
decay properties is still missing.

In this context, the 174W isotope represents an intrigu-
ing case. The structure of this nucleus has been inves-
tigated in detail using fusion evaporation reactions [18,
21]. Over 300 transitions were observed in ref. [18], allow-
ing to identify 20 rotational bands. Furthermore, a Iπ =
12+, K = 12 isomer at 3516 keV with T1/2 = 128(8) ns
was discovered, characterised by a decay pattern concen-
trated to the ground state band (see fig. 1). In the same
work, γ-tunnelling calculations were performed, obtain-
ing Fcalc = 2.6 · 102 for the most intense transition (E2

to the 10+ state of the ground state band). At variance
with other similar K-isomers in the same mass region, the
predicted hindrance is three orders of magnitude lower
than the measured one (Fexp = 7.3 · 105) and, therefore,
the γ-tunnelling interpretation fails. In a following study,
performed by exploiting quasi-continuum γ-spectroscopy
techniques, it was concluded that the K-mixing could be
the basic, general phenomenon responsible for the hin-
drance of the γ-decays in 174W, both for discrete excited
rotational bands and its K = 12+ isomer [22].

Key information about the structure of K-isomers can
be obtained from magnetic dipole moment measurements
[1], which allow for the intrinsic configuration of individual
states to be investigated. In order to gain further insights
about the anomalous hindrance of the K = 12+ isomer in
174W, a dedicated experiment to measure the g factor of
this state was performed.

2 Experiment

High-spin states in 174W were populated in the 162Dy(16O,
4n)174W reaction using a pulsed beam of 84 MeV energy,
delivered by the Tandem-XTU at the INFN Legnaro Na-
tional Laboratories. A repetition cycle of 800 ns was set
in between beam bursts of 2 ns duration, allowing to iden-
tify a precise time reference and to observe the complete
decay of the isomer of interest. The target was composed
of a front 162Dy layer of 500 µg/cm2 thickness (enriched
to 95.1%) and a natPb thick backing (50 mg/cm2) to stop
both the beam and the recoiling 174W nuclei. The cubic
structure of the lead crystalline lattice allowed to keep the
nuclear alignment, which was further preserved by heating
the whole target to 400 K (the temperature was monitored
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with an automatised control system with a sensitivity of
0.5 K).

The same experimental setup exploited in refs. [23–26]
for similar g factor measurements and also quadrupole mo-
ment measurements in the same mass region was used. It
consists of four coaxial HPGe detectors positioned at ±45◦

and ±135◦ with respect to the beam axis. A small vacuum
chamber of 10 cm diameter is located at the centre of the
array, allowing to position the detectors at a distance of
12 cm from the target. Wax screens of 1 cm thickness were
positioned in front of each HPGe, in order to reduce the
damage produced by the evaporated neutrons. The setup
is equipped with an electromagnet, which was set to pro-
vide a 14.65(5) kG magnetic field applied perpendicular
to the beam-detector plane, measured by means of a Hall
probe. The value of the magnetic field was chosen to allow
2 − 3 complete precessions for transitions de-exciting the
K = 12+ isomer of 174W in the time range of 3 half-lives1.
The HPGe detectors were wrapped in µ-metal foils in or-
der to avoid distortions in the charge collection efficiency
caused by the magnetic field.

Data were acquired using a fast-slow electronic chain.
A fast branch was implemented to process signals of the
HPGe detectors with a fast-filter amplifier followed by
a constant-fraction discriminator, whose output provided
the start signal to a time-to-amplitude converter (TAC).
The stop signal was given by the delayed beam radiofre-
quency. In the slow branch, the signal of each HPGe detec-
tor was sent to a TNT2 digitizer board [27] to extract the
energy information using the moving windows deconvolu-
tion method. The output of the TAC was sent to the TNT2
board as well. Once a single HPGe detector provided a
trigger, signals from the others were also registered. The
event structure was then built off-line, allowing to pro-
duce energy and time spectra as well as two-dimensional
matrices of energy vs. time for each detector. In addition,
γ − γ matrices were also sorted.

In total, data were collected in 7 days of measurement
with an average beam current of 0.3 pnA.

3 Analysis and results

The half-life of the K = 12+ isomer in 174W is well suited
for the application the time-differential perturbed angular
distribution (TDPAD) technique [28], which exploits the
anisotropy of γ–ray emission of an ensemble of oriented
nuclei and the Larmor precession that these experience
when placed in an external magnetic field. By observing
this precession as a function of the time it is possible to
measure the associated Larmor frequency, allowing for the
g factor of a specific state to be extracted.

1 The 8− level at 2268 keV with T1/2 = 158(3) ns [18] is fed
from the the K = 12+ isomer (see fig. 1). For this reason, and
also because of the chosen value of the magnetic field (opti-
mized for the K = 12+ isomer), the level of statistics achieved
in the present experiment prevented the determination of the
g factor for the K = 8− isomer.
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Fig. 2. Background-subtracted coincidence spectrum from the
total γ − γ matrix gated on the 12+ → 10+ transition at
1879 keV, obtained considering events in the delayed time re-
gion only. The reduction of statistics for the peaks at 243 keV
and 498 keV follows from the γ–ray efficiency of the exploited
HPGe array (maximum at ≈ 400 keV and rapidly decreasing
at ≈ 250 keV), which is also the reason why the strongly con-
verted 2+ → 0+ transition at 113 keV is not visible.

High-spin isomers are typically populated with a few
per cent of the total cross-section in fusion evaporation
reactions (see for instance refs. [23,29]). In the present
case, a population of the K = 12+ isomer of ≈ 1% was
estimated. The decay of this state is concentrated in the
12+ → 10+ transition at 1879 keV, with a γ intensity of
48(6) that represents the 53(8)% of the total de-exciting
strength (see fig. 1). In addition, the transitions 8+ → 6+

at 433 keV and 10+ → 8+ at 498 keV were located in a
high-background region, identified to be produced by the
other delayed transitions from the K = 12+ isomer (see
fig. 1) as well as by long-living nuclei from the β-decay of
the reaction products and other neutron-activated mate-
rials. For these reasons, only the 12+ → 10+ transition at
1879 keV was clearly visible in the delayed spectra and,
therefore, this was the only one considered in the analysis.
Other transitions in the ground state band could not be
included because they are influenced also by the decay of
the other known isomeric state 8− at 2268 keV, as visible
in fig. 1. Figure 2 shows the energy spectrum obtained by
gating the total γ–γ matrix on the 12+ → 10+ transition,
considering the delayed time region only. The expected
γ–cascade reported in ref. [18] (shown in fig. 1) is visible.

In order to analyse the data with the TDPAD method,
energy spectra were produced off-line by projecting a two-
dimensional matrix of energy vs. time for each detector,
gating on the time every 20 ns starting 40 ns out of the
prompt peak (against which time spectra and time axis in
the matrices were aligned). The energy peak at 1879 keV
was fitted individually in each spectrum and for each de-
tector. The set of obtained values I(t, θ) (t indicates the
time interval and θ the detector) was then corrected for
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Fig. 3. The number of counts measured for the 12+ → 10+

transition at 1879 keV is reported in green as a function of the
time. In red, the result of the exponential fit is shown.
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Fig. 4. The experimental modulation ratio R(t) for the K =
12+ isomeric state in 174W (obtained considering the 12+ →
10+ transition at 1879 keV) is shown in green, with the result
of the least-squares fit in red.

the efficiency of the specific HPGe. The obtained sets of
data I(t, θ) of detectors positioned at 180◦ were summed
to increase the statistics. Following this, the modulation
ratio

R(t) =
I+(t)− I−(t)

I+(t) + I−(t)
(1)

was deduced, where I+(t) = I(t,+45◦) + I(t,−135◦) and
I−(t) = I(t,−45◦) + I(t,+135◦). A different method is
more commonly employed to analyse TDPAD data, in
which the I(t, θ) quantities are directly obtained by pro-
jecting the two-dimensional matrices of energy vs. time
with a gate on the energy, for each detector. After that,
the quantity R(t) is formed as previously explained. Be-
cause the transition of interest was relatively weak and
it was sitting on a high-background region (the peak-to-
background ratio considering the full delayed time range
was ≈ 10%), this method could not be applied. Indeed,

the fluctuations induced by the background contribution
prevailed over the effect of the γ anisotropy. In the present
analysis, the exploited method allowed to reduce the sta-
tistical error (a comparison and a more detailed descrip-
tion of the two methods can be found in ref. [30]).

The effect of the γ anisotropy can be cancelled by sum-
ming the I+(t) and I−(t) quantities, allowing for the half-
life of the isomeric 12+ state to be extracted from the
expression e−t/τ ∝ I+(t) + I−(t). The result of the ex-
ponential fit is shown in fig. 3, from which T1/2(12+) =
124(8) ns is obtained, in excellent agreement with the liter-
ature value (128(8) ns [18]). The amount of data collected
in the present experiment precluded the measurement of
the half-life of the K = 8− isomer of 174W. Indeed, since
the K = 12+ isomer also decays to this state and the two
have comparable half-lives, a double-exponential fit would
have been necessary, which required higher statistics than
that obtained.

The least-squares fit of the R(t) ratio was performed
by using the expression

R(t) =
3A2B2

4 +A2B2
cos[2(φ− ωLt)] (2)

from ref. [30], where A2B2 and ωL were treated as free pa-
rameters. Before the experiment, a new mechanical struc-
ture was installed in the exploited setup, which allowed
to position the HPGe detectors with a precision of 0.5◦.
For this reason, the phase φ was not considered as a free
parameter and it was, instead, fixed to 45◦ (the system-
atic uncertainty on this value, as well as the one related to
the time alignment, was found to be negligible within the
statistical contribution). The result of the least-squares fit
procedure is shown in fig. 4. The amplitude of the R(t) ra-
tio is related to the spin alignment of the isomeric state,
which in fusion-evaporation reactions can be described by
an oblate Gaussian distribution of m substates [31]. In
this case, the standard deviation of such distribution is
typically σ ≈ 0.35I [32], where I is the spin of the ex-
cited state. A value of A2B2 = 0.26(5) has been deter-
mined in the present analysis, which is consistent with
σ/I = 0.36, in excellent agreement with that expected.
The ωL parameter is the Larmor frequency, measured as
ωL = 21.3(8) MHz, from which

g(12+) = +0.304(11) (3)

As visible in fig. 4, no evidence of anisotropy damping has
been observed in the present experiment, therefore, more
complex fitting parametrisations have not been considered
(see ref. [23] for comparison).

4 Discussion

As described in refs. [33,34], the measured g factor allows
for the investigation of the quasiparticle configuration of
the 174W K = 12+ isomer. For a state with spin I and
K 6= 1/2, the g factor can be decomposed in an intrinsic
contribution, gK (given by the individual quasiparticles),
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and a rotational one, gR (resulting from the collective mo-
tion of the nucleus), according to eq. 4-87 of ref. [33]:

g = gR + (gK − gR)
K2

I(I + 1)
(4)

where g ≈ gK for I = K and large values of I 2. The quan-
tity gK has been firstly calculated by exploiting the same
approach followed in ref. [23] to extract the quasiparticle
configuration of the K = 14+ isomer in the close 176W.
In that case, a pure 2π ⊗ 2ν configuration was assigned
considering gK calculated from the experimental g factors
of neighbouring odd-mass nuclei, by using

KgK =
∑
i

ΩigΩi (6)

where gΩi
are the intrinsic g factors obtained from eq. 4

by substituting gK ≡ gΩi
. It is worth to mention, however,

that this approach assumes the same deformation for the
isomer and the ground state band in the considered nu-
cleus (in the case of 176W this assumption was verified in
ref. [24]), and that this deformation does not change sig-
nificantly in the considered neighbouring odd-mass nuclei.
The gΩi values for the orbitals of importance in the present
discussion (i.e. the ones close to the proton and neutron
Fermi surfaces, see refs. [13,14,18]) are listed in table 1.
From these values, the g factors for the possible low-lying
four quasiparticle configurations of the K = 12+ isomer
have been calculated (see table 2). Because the g factor
depends weakly on the assumed value of gR, gR = 0.25(5)
has been initially chosen, which represents a typical value
measured for several rotational bands in deformed nuclei
in the A ≈ 180 mass region. The same value was used for
similar calculations for the K = 14+ isomer in 176W [23],
and it was experimentally verified in ref. [24]. As visible in
table 2, none of the considered configurations reproduces
the experimental g(12+) = 0.304(11). The closest value
is calculated for the second 2π ⊗ 2ν configuration (i.e.
π5/2+[402]⊗ π7/2+[404]⊗ ν5/2+[642]⊗ ν7/2+[633]), for
which gcalc = 0.403(11). The experimental result, there-
fore, suggests a possible non-pure quasiparticle configura-
tion for the K = 12+ isomer if gR = 0.25(5) and gΩi

values
from neighbouring odd-mass nuclei are assumed. In this
case, because all the calculated g factors for 2π ⊗ 2ν con-
figurations are above the measured value, the only way
to lower the calculated estimate is to include a 4ν com-
ponent. For instance, the experimental value could be re-
produced by assuming the π5/2+[402] ⊗ π7/2+[404] ⊗
ν5/2+[642] ⊗ ν7/2+[633] configuration of table 2 mixed
with 18% of the ν5/2+[642] ⊗ ν7/2+[633] ⊗ ν5/2−[512] ⊗
ν7/2−[514] configuration or with 23% of the ν5/2+[642] ⊗
ν7/2+[633] ⊗ ν5/2−[523] ⊗ ν7/2−[514] configuration. A

2 In the case of a state with K = 1/2, instead of using eq. 4,
the g factor is calculated with the equation 4-88 of ref. [33]:

g = gR +
gK − gR
4I(I + 1)

[
1 + (2I + 1) (−1)I+

1
2 b0

]
(5)

where b0 is the magnetic decoupling parameter.

Table 1. Values of gΩi relevant for the present work for 174W.
Column 3 shows gΩi obtained from g factors measured in the
neighbouring odd-mass nuclei [35], indicated in column 2. The
value gR = 0.25(5) has been assumed in the calculations (see
the text for further information) and the magnetic decoupling
parameter b0 = −0.447 from ref. [36] has been considered for
the ν 1/2−[521] state. In column 4, gΩi values from calcula-
tions performed with the Nilsson model considering ε = 0.26
(corresponding to Q0 ≈ 7 eb) are also shown (see the text for
further information). Each state is labelled following the usual
notation of the Nilsson model Kπ[NnzΛ].

State g factor [35] gΩ (exp) gΩ (Nilsson)
Nucleus

π 5/2+[402] +1.309(17) +1.730(30) +1.671
181Ta, 181Re

π 7/2+[404] +0.649(13) +0.763(22) +0.559
175Ta

π 9/2−[514] +1.173(20) +1.378(27) +1.348
181Ta

ν 1/2−[521] +0.98734(1) +1.570(100) +1.128
171Yb

ν 5/2+[642] −0.192(1) −0.369(20) −0.346
161Dy

ν 5/2−[512] −0.242(7) −0.439(22) −0.417
175Hf

ν 5/2−[523] +0.249(3) +0.249(20) +0.270
167Yb

ν 7/2+[633] −0.187(6) −0.312(16) −0.305
175W

ν 7/2−[514] +0.227(1) +0.220(14) +0.307
177Hf

mixed configuration would represent an exception among
other similar K-isomers in the A ≈ 180 mass region, where
pure configurations are more common. However, it has to
be noted that cases of mixed configurations have been al-
ready reported in the literature (e.g. K = 6+ isomer in
176Hf [37] and K = 6+, 8− isomers in 178Hf [38]). In ad-
dition, pure 4ν configurations have been suggested for a
few K-isomers (K = 12+ in 178W, K = 16+ in 186W [13,
14] and K = 14+ in 174Yb [39]).

The first two 2π ⊗ 2ν configurations considered in ta-
ble 2 have been also proposed in ref. [18]. Based on the
measurement of M1/E2 branching ratios along the band
built on the K = 12+ isomer, the ratio∣∣∣∣gK − gRQ0

∣∣∣∣ =
1

K

√
5

12

B(M1)

B(E2)

〈IK20|I − 2K〉2
〈IK10|I − 1K〉2

(7)

was determined as 0.04(1) (eb)−1 in that work. The first
configuration of table 2 (i.e. π7/2+[404] ⊗ π9/2−[514] ⊗
ν1/2−[521] ⊗ 7/2+[633]) was preferred by the authors,
mainly because of the better agreement with the calcu-
lated |(gK − gR)/Q0| ratio, reported in ref. [18] as 0.05
(eb)−1 and 0.004 (eb)−1 for the first two configurations,
respectively. In the same work, calculations based on the
cranked Nilsson-Strutinsky framework were performed ob-
taining total Routhian surfaces, from which a prolate de-
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Table 2. Possible four-quasiparticle configurations for the K = 12+ isomer of 174W and corresponding calculated g factors
and |(gK − gR)/Q0| ratios. The gΩi values obtained from g factors measured in the neighbouring odd-mass nuclei (column 3
in table 1) have been considered. The values gR = 0.25(5) and Q0 = 6.96(3) eb have been assumed (see the text for further
information). Each state is labelled following the usual notation of the Nilsson model Kπ[NnzΛ].

Label Proton orbitals Neutron orbitals gcalc |(gK − gR)/Q0|calc
[(eb)−1]

1 7/2+[404]⊗ 9/2−[514] 1/2−[521]⊗ 7/2+[633] +0.678(13) 0.067(7)
2 5/2+[402]⊗ 7/2+[404] 5/2+[642]⊗ 7/2+[633] +0.403(11) 0.024(7)
3 5/2+[402]⊗ 7/2+[404] 5/2−[523]⊗ 7/2−[514] +0.665(11) 0.065(7)
4 5/2+[402]⊗ 9/2−[514] 5/2+[642]⊗ 5/2−[512] +0.674(13) 0.066(7)
5 5/2+[402]⊗ 9/2−[514] 5/2+[642]⊗ 5/2−[523] +0.806(13) 0.087(7)
6 5/2+[402]⊗ 7/2+[404] 5/2−[512]⊗ 7/2−[514] +0.533(11) 0.044(7)
7 5/2+[642]⊗ 7/2+[633]⊗ 5/2−[512]⊗ 7/2−[514] −0.161(9) 0.064(7)
8 5/2+[642]⊗ 7/2+[633]⊗ 5/2−[523]⊗ 7/2−[514] −0.029(9) 0.043(7)

formation constant up to ~ω = 0.5 MeV was predicted.
From the theoretical β2 = 0.271 value it is possible to de-
duce Q0 = 6.8 eb by using the equation Q0 = 3√

5π
ZR2β2,

where R = 1.2A1/3. This value is in agreement with the
systematic trend in the neighbouring W isotopes [19], in
particular with the value deduced for the K = 14+ iso-
mer in 176W (Q0 = 7.37+0.81

−1.01 eb [24]) and with the recent
measurement of the lifetime of the first excited 2+ state in
174W, from which the B(E2; 2+1 → 0+1 ) = 166.9(14) W.u.
was extracted [40]. Indeed, assuming that the transition
quadrupole momentQt is equal to the intrinsic quadrupole
moment Q0 in the ground state band of 174W (i.e. the va-
lidity of the rotational model),

Q0 ≈ Qt =

√
16π

5

√
B(E2; 2+g.s. → 0+g.s.)

〈2020|00〉
(8)

A value of Q0 = 6.96(3) eb is obtained from eq. 8, close
to the predicted Q0 = 6.8 eb of ref. [18]. Assuming Q0 =
6.96(3) eb, gR = 0.25(5) and gK calculated from exper-
imental g factors of neighbouring odd-mass nuclei, the
|(gK − gR)/Q0| ratios for the considered four quasiparticle
configurations of the K = 12+ isomer have been recalcu-
lated (see table 2). The values obtained for the first two
2π ⊗ 2ν configurations differ from the ones reported in
ref. [18]. As in the case of the g factor, the resulting value
of |(gK − gR)/Q0| for the second configuration is closer to
the experiment (0.04(1) (eb)−1) than for the first one.

The considerations made up to this point about the
quasiparticle configuration of the K = 12+ isomer in 174W
are biased by the choice of gR = 0.25(5). A recent eval-
uation of this quantity has shown a rather pronounced
spreading in its value, which is comprised between ≈ 0.1−
0.4 in the W isotopes [41]. Even if the lowest values are
found for the maximum difference between the number of
protons and neutrons involved in the quasiparticle con-
figuration (Np −Nn), considerable variations are present
also for Np = Nn. Therefore, the considered gR = 0.25(5)
value may not be valid in the present case. Further insights
about gR for the K = 12+ isomer can be obtained by com-
bining the experimental g factor with the |(gK − gR)/Q0|
ratio deduced in ref. [18]. By substituting these two quan-

tities in eqs. 4 and 7 it is possible to find the dependence
of gR on Q0 shown in fig. 5, in which both the solutions
for gK > gR and gK < gR have been considered3. As-
suming Q0 = 6.96(3) eb for the K = 12+ isomer, it is
possible to obtain gR = 0.56(7) and gR = 0.05(7) for the
two solutions, both far from the adopted gR = 0.25(5).
While gR = 0.05(7) is compatible with the systemat-
ics reported in ref. [41], a value close to gR = 0.56(7)
has been reported only in ref. [42]. In that work, the
gR = 0.59(3) value was deduced for the 6+ isomer of
178Hf combining the measured g = 0.970(15) with the
ratio |(gK − gR)/Q0| = 0.0670(25) (eb)−1. However, in
a following measurement of the |(gK − gR)/Q0| ratio, a
value of gR = 0.35(5) was obtained [43]. It is worth to
notice how this value is larger than the 0.25(5) estimate
and also in agreement with the gR = 0.38(5) deduced in
ref. [44] for 184W. Assuming gR = 0.05(7), the calculated
g factors for the 2π ⊗ 2ν configurations considered in ta-
ble 2 decrease by≈ 2−4%, while the |(gK − gR)/Q0| ratios
increase by ≈ 30−120%. For instance, for the second con-
figuration (i.e. π5/2+[402] ⊗ π7/2+[404] ⊗ ν5/2+[642] ⊗
ν7/2+[633]) gcalc = 0.388(12) and |(gK − gR)/Q0|calc =
0.053(5) in this case.

As visible in fig. 5, the value gR = 0.25(5) would
be compatible with the deduced gR dependence on Q0

if Q0 ≤ 4.2 eb. A reduction of the deformation of the
K = 12+ isomer with respect to the ground state band,
or a similar overall deformation but with triaxiality closer
to γ = 30◦, would be implied in this case. The possibility
of having different shapes in K-isomers with respect to
the ground state band as a consequence of different multi-

3 It should be noted that if the band built on the K = 12+

isomer is affected by Coriolis mixing, the |(gK − gR)/Q0| ra-
tio determined from the excited states in the band in ref. [18]
could be different than the one of the band head. This would
be particularly true if the K = 12+ isomer configuration in-
cludes orbits with i13/2 neutron parentage, such as 7/2+[633]
or 5/2+[642]. As discussed in ref. [36], the effect of Coriolis in-
teractions could manifest as a renormalization of the gR value.
However, in the present discussion, it is assumed that the ef-
fect of the Coriolis mixing in the band built on the K = 12+

isomer is negligible and that gR is the same in eqs. 4 and 7.
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Fig. 5. Relation between gR and Q0 for the K = 12+ iso-
meric state of 174W, obtained from the g factor measured in the
present work and the |(gK − gR)/Q0| ratio deduced in ref. [18].
The solutions with gK > gR and gK < gR are shown in green
and red, respectively. The gR value resulting from the system-
atics in other W isotopes is shown in blue. The Q0 value de-
duced from the B(E2; 2+

1 → 0+
1 ) measured in ref. [40] is shown

in orange (Q0 ≈ Qt is assumed). Bands indicate error bars.

quasiparticle configurations was investigated in ref. [15].
In particular, shape polarization effects were found to have
significant contributions for particular orbitals. In the case
of 182Os, an anomalously fast decay of the K = 25+ iso-
mer to the ground state band was found, explained as an
effect of γ-softness [45]. An intrinsic quadrupole moment
equal to 4.7(2) eb was determined in that case, about 25%
lower than the one of the ground state band. Furthermore,
in the case of the K = 35/2+ isomer of 179W a value of
Q0 = 4.73+0.98

−1.25 eb was determined, smaller than that ex-
pected for the ground state band [19]. In that case, a sig-
nificant difference in shape between lower-spin states and
the five-quasiparticle isomer was not predicted and a sat-
isfying explanation is still missing in the literature. It is
interesting to notice how both the Q0 values obtained for
the K = 25+ isomer in 182Os and the K = 35/2+ isomer
of 179W are close to the Q0 ≤ 4.2 eb limit.

As mentioned at the beginning of this section, if the de-
formation of the K = 12+ isomer is substantially smaller
than the one of the ground state band (for which Q0 ≈
7 eb is expected), the gΩi

obtained from the experimental
g factors of the neighbouring odd-mass nuclei may not be
valid for the isomer. In order to further investigate the
effect of the deformation on the discussed properties, the
gΩi for the relevant orbitals have been also calculated us-
ing the Nilsson model. The Nilsson potential parameters
have been taken from ref. [46], and the gΩi values have
been evaluated as a function of the deformation param-
eter ε with the spin g factors of both protons and neu-
trons quenched to 0.8 times the free-nucleon value. The
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Fig. 6. Comparison between experimental gK values and the
ones calculated for the quasiparticle configurations considered
in table 2 as a function of the K = 12+ isomer deformation.
The experimental gK has been obtained by using the gR de-
pendence on Q0 shown in fig. 5, i.e. by assuming the g factor
measured in the present work and the |(gK − gR)/Q0| ratio
obtained in ref. [18]. The cases gK > gR and gK < gR are
shown with green and red continuous lines, respectively. The
calculated values have been obtained assuming gΩi from the
Nilsson model as a function of the deformation. The labels in-
dicated in table 2 are used to identify the configurations, shown
with dotted lines and different colours. The results are reported
as a function of Q0, obtained from the ε deformation param-
eter of the Nilsson model considering Q0 = 3√

5π
ZR2β2 and

ε ≈ 0.95β2. The Q0 value deduced from the B(E2; 2+
1 → 0+

1 )
measured in ref. [40] is shown in orange (Q0 ≈ Qt is assumed).
Bands indicate error bars.

gΩi
values obtained assuming ε = 0.26 (corresponding

to Q0 ≈ 7 eb) are shown in table 1, and are in reason-
able agreement with the empirical gΩi

values. The g fac-
tors obtained using the Nilsson gΩi

differ from the values
reported in table 2 always less than ≈ 60% (assuming
gR = 0.25(5)). From these gΩi values, the intrinsic g fac-
tors gK for the configurations considered in table 2 have
been calculated using eq. 6. An empirical estimate of gK
has been deduced from the gR dependence on Q0 shown
in fig. 5 (i.e. by assuming the g factor measured in the
present work and the |(gK − gR)/Q0| ratio obtained in
ref. [18]), by exploiting eq. 4. From the comparison of this
empirical estimate with the gK values calculated with the
Nilsson model, shown in fig. 6, it is visible how for the third
configuration in table 2 (i.e. π5/2+[402] ⊗ π7/2+[404] ⊗
ν5/2−[523] ⊗ ν7/2−[514]) there is agreement with the ex-
perimental gK value if Q0 . 1.1 eb, both in the case of
gK > gR and gK < gR. However, such a small defor-
mation is unprecedented in K-isomers in the A ≈ 180
region of mass, therefore, this solution appears unlikely.
The second configuration in table 2 (i.e. π5/2+[402] ⊗
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π7/2+[404] ⊗ ν5/2+[642] ⊗ ν7/2+[633]) remain favoured
also for smaller values of the deformation. Interestingly,
by using the gΩi values from the Nilsson model, the ex-
perimental gK in the gK > gR case is in agreement within
2σ uncertainty with the value calculated for that config-
uration if Q0 = 6.96(3) eb (see fig. 6). Consequently, in
this case also the calculated g factor gcalc = 0.326(6) is
in agreement with the same statistical significance if gR
is taken from fig. 5, i.e. gR = 0.05(7) (with the same as-
sumptions, the calculated |(gK − gR)/Q0|calc = 0.044(11)
ratio is in agreement within 1σ uncertainty with the value
determined in ref. [18]). Considering the other configura-
tions, from fig. 6 it is visible how assuming the Q0 ≤ 4.2 eb
limit previously discussed, a 2π ⊗ 2ν configuration mixed
with a 4ν one is necessary to reproduce the experimental
g factor obtained in the present work.

5 Summary

The g factor of the K = 12+ isomer in 174W has been mea-
sured by using the TDPAD technique at the INFN Leg-
naro National Laboratories. The exploited experimental
setup allowed also to remeasure the lifetime of the state,
which agrees with the previous measurement [18] and con-
firms the anomalously large hindrance of the 1879 keV E2
transition with respect to the γ-tunnelling model predic-
tion [18].

From the obtained g factor, the properties of the K =
12+ isomer have been further investigated. By combin-
ing the value measured in the present work with the ratio
|(gK − gR)/Q0| deduced in ref. [18], the dependence of the
rotational g factor gR on the value assumed for the intrin-
sic quadrupole moment Q0 has been extracted. From this
result, it has been possible to conclude that if the deforma-
tion of the K = 12+ isomer is similar to the one expected
for the ground state band in 174W (for which Q0 ≈ 7 eb),
gR is significantly smaller than that commonly assumed in
the A ≈ 180 mass region, i.e. gR ≈ 0.25. Instead, if gR is
close to this value, Q0 is smaller in the isomer than in the
ground state band. The four quasiparticle configuration of
the K = 12+ isomer has been discussed by comparing the
value measured in the present work with estimates based
on experimental g factors of neighbouring odd-mass nuclei
and Nilsson model calculations.

From the present analysis, it is concluded that the only
candidate for an almost pure 2π ⊗ 2ν configuration is the
π5/2+[402] ⊗ π7/2+[404] ⊗ ν5/2+[642] ⊗ ν7/2+[633] one,
and only if gR ≈ 0 − 0.15 and Q0 ≈ 7 eb for the isomer.
For all the other considered configurations and values of
gR and Q0, a 2π ⊗ 2ν configuration mixed with a 4ν one
is necessary to reproduce the experimental finding.

In conclusion, unique features seem to emerge from
the present results in 174W, which call for further experi-
mental and theoretical studies. In particular, the measure-
ment of the spectroscopic quadrupole moment Qs of the
K = 12+ isomer would allow to establish the deformation
of the state and to determine the value of gR when com-
bined with the present results. Transitional and diagonal

E2 matrix elements in the 174W ground state band are im-
portant as well in order to obtain information about the
deformation of this isotope. The effect of Coriolis mixing
in the band built on the K = 12+ isomer should be fur-
ther investigated. Finally, new calculations of γ tunnelling
taking into account the multi-quasiparticle configurations
suggested here and the possible reduction of the overall
deformation in the K = 12+ isomer would provide useful
insight.

We thankfully acknowledge the staff of the LNL Tandem-XTU
accelerator for the high quality of the delivered 16O beam,
M. Loriggiola for producing the target and the mechanical
workshops of the INFN division of Florence for their crucial
contribution. The contribution of A. Stuchbery in producing
table 1 and fig. 6 is gratefully acknowledged. We are also grate-
ful to M. Ionescu-Bujor and P.M. Walker for the fruitful dis-
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