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The neutron-rich rare isotope 190W is discussed as a candidate for a prolate-oblate transitional nucleus with 
maximum 𝛾-softness. The collectivity of this isotope is assessed for the first time by the measurement of the 
reduced 𝐸2 transition probability of its first 2+ state to the ground state. The experiment employed the FAst 
TIming Array (FATIMA), comprised of 36 LaBr3(Ce) scintillators, which was part of the DESPEC setup at GSI, 
Darmstadt. The 4+1 and 2+1 states of 190W were populated subsequently to the decay of its 127(12) μs isomeric 
𝐽𝜋 = 10− state. The mean lifetime of the 2+1 state was determined to be 𝜏 = 274(28) ps, which corresponds to a 
𝐵(𝐸2; 2+1 → 0+1 ) value of 95(10) W.u. The results motivated a revision of previous calculations within an energy-
density functional-based interacting boson model-2 approach, yielding 𝐸2 transition properties and spectroscopic 
quadrupole moments for tungsten isotopes. From comparison to theory, the new data suggest that 190W is at the 
transition from prolate to oblate structure along the W isotopic chain, which had previously been discussed as a 
nuclear shape-phase transition.
1. Introduction

In nuclear structure physics, the study of neutron-rich exotic nuclei 
plays a pivotal role in understanding the progression of nuclear shape 
towards exotic species. Radioactive ion beam facilities offer a way to 
experimentally study rare species. They have become increasingly sig-
nificant in expanding our knowledge of the structure of exotic nuclei far 
from the 𝛽-stability line, and to probe predictions made on the base of 
stable nuclei, the alteration of which can inform us of new physics, such 
as the migration of magic numbers.

The ground states of neutron-rich nuclei in the A~190 mass region 
exhibit an indication of shape evolution from a prolate to an oblate de-
formation [1,2]. Measuring the energy and lifetime of the first excited 
𝐽𝜋 = 2+ state of even-even nuclei can provide first insights into the 
evolution of collectivity with neutron number [3–5]. More sensitive ob-
servables to the changes of structure are ratios of energies or transition 
strengths of low-lying states.

One such indicator is the ratio of the excitation energy of the 4+1 state 
to the first 2+1 state [𝑅4∕2 =𝐸(4+1 )∕𝐸(2

+
1 )] [6]. This ratio is determined 

by the shape of the nucleus and can differentiate between an axially-
symmetric deformed rotor with 𝑅4∕2 = 3.33 and a spherical vibrational 
nucleus with 𝑅4∕2 = 2.0, while it typically takes values of 𝑅4∕2 ∼ 2.5 for 
a triaxial rotor [7]. The stable even-even W isotopes with 106 ≤𝑁 ≤ 112
show values close to 𝑅4∕2=3.33, implying a rigid axially-symmetric de-
formed shape. However, with the addition of more neutrons, the sudden 
reduction of the 𝑅4∕2 value to 2.73 in 190W compared to the lighter iso-
topes, as indicated in Fig. 1, implies a shape change.

The landscape of nuclear deformation, spanning spherical, prolate, 
and oblate structures, is divided by shape transitional regions. These re-
gions include soft rotors, where the level of “softness” varies depending 
on the 𝛽 or 𝛾 (triaxial) degree of freedom. In fact, a collective phase di-
agram has been established [23], showing the separation of spherical 
vibrators from deformed nuclei by a first-order phase transition (𝛽-soft 
rotors) [24–26], and a triple point of deformation (second-order phase 
transition) between spherical, prolate and oblate phases [27]. The oblate 
and prolate deformed nuclei are again separated by a first-order phase 
transition which corresponds to the limit of 𝛾 -soft rotors, where the nu-
clear potential is independent from the deformation parameter 𝛾 , which 
controls the triaxial degree of freedom. The prolate-oblate transition is 
most notably observed in the vicinity of 𝑁 = 90, while 𝛾 -soft nuclei 
are commonly found in the corners of major nuclear shells. However, a 
prolate-oblate transition through 𝛾 -soft nuclei can be difficult to iden-
tify uniquely. Systematic investigations of basic observables have shown 
that nuclei in the region of 70 <𝑍 < 78 and 𝐴 ∼ 190 undergo the sought-
2

after prolate-oblate phase transition. [3,4].
Fig. 1. The ratio 𝑅4∕2 =𝐸(4+1 )∕𝐸(2
+
1 ) for even-𝑁 Hf, W, Os and Pt isotopes. The 

data were taken from Nuclear Data Sheets and studies Ref. [8–22].

The neutron-rich nuclei in the W, Os, and Pt isotopes with mass 
numbers around 𝐴 ∼ 190 are the subject of various studies. Results in-
dicate that the 𝑅4∕2 ratio in 190W exhibits a sudden drop compared 
to the neighboring isotopes [28–33]. The experimental 𝑅4∕2 ratios of 
the lighter isotopes (Hf, W, Os) are close to the rotational limit, as 
shown in Fig. 1 (compare also Fig. 5 of Ref. [34]), and Pt isotopes 
around 𝑁 = 116, 118 are well-known examples for nuclei close to the 
𝛾 -soft limit [35]. The 𝑅4∕2 ratios then decrease toward heavier even-
even isotopes with increasing neutron number. This decrease may be an 
indicator for 𝛾 softness, which is a well-established feature in this re-
gion [35–39], hence, potentially for the onset of the shape transition to 
oblate-deformed ground states [32,40,41]. Previous work on 188W [41]
yielded the heaviest isotopic 𝐵(𝐸2) value along the W elemental chain, 
toward neutron-rich nuclei. The rapid decrease in collectivity was dis-
cussed in terms of the development of 𝛾 softness, in line with theoretical 
calculations predicting that the maximum 𝛾 softness will occur at neu-
tron number 𝑁 = 116 in W and Os nuclei [32,4].

Different microscopic approaches generally agree with the develop-
ment of (soft) triaxiality toward 190W, however, they can give varying 
predictions on the nature of the shape transition. Examples range from 
a prolate-oblate shape-phase transition [32,42], over a rather smooth 
cross-over from prolate to soft triaxial and on to slightly oblate [43]
and spherical structure [44], to the persistence of a prolate minimum, 

although with decreasing depth toward 190W [45].
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Fig. 2. The background subtracted 𝛾𝛾 -coincidence matrix for the long isomer 190W was used to create projections. Two projections were created using LaBr3(Ce) 
gates: (a) gate at 207 keV and (b) gate at 358 keV. The partial level scheme of interest is shown on the right, with dashed arrows marking unobserved transitions.
While the strongest experimental indicator of the shape transition in 
the W isotopes is, to date, based on excitation energies only, information 
on quadrupole collectivity from absolute transition strength in the most 
neutron-rich nuclei of this region is sparse but needed for a more firm 
characterization and analysis of the structural changes around 𝐴 = 190.

In the present work, we report the first measurement of the 
quadrupole collectivity in terms of 𝐸2 properties for the 𝑁 = 116 iso-
tope 190W. The measurement of the lifetime of the first-excited 2+
state, hence, the reduced electric quadrupole transition probability 
𝐵(𝐸2; 2+1 → 0+1 ), extending the trend beyond 188W for the first time, 
will allow new insights into the evolution of the nuclear shape in this 
region.

2. Experiment and data analysis

This study employed the DEcay SPECtroscopy (DESPEC) [46] setup 
at the Gesellschaft für Schwerionenforschung (GSI) at the final focal 
plane of the FRagment Separator (FRS). The experiment aimed to study 
heavy nuclear species produced via fragmentation reactions with a 208Pb 
primary beam, which had an energy of 1 GeV/u and an intensity on the 
order of 108 ions per spill. The beam was directed towards a 9Be tar-
get with a thickness of 2.7 g/cm2 . The ions of interest were separated 
from the produced fragments using the 𝐵𝜌-Δ𝐸-𝐵𝜌 technique and iden-
tified using the time-of-flight, 𝐵𝜌, and Δ𝐸 technique by the FRS [47]. 
The experiment was carried out over approximately 8 days and the ions 
were implanted into the Advanced Implant Detector Array (AIDA) [46]
located in the final focal plane of the FRS. The 𝛾 rays from the decay 
of excited states were detected using the FATIMA array consisting of 
36 LaBr3(Ce) scintillators [48], complemented by two EUROBALL clus-
ter detectors positioned downstream, which served mainly to identify 
potential 𝛾 -ray contaminants to transitions of interest with high energy 
resolution.

For the analysis of 𝛾 rays and times, events within a range of the 
time after implantation and related deadtime of the system, ΔT, from 
110 μs ≤ Δ𝑇 ≤ 1000 μs were accepted, and events in the range 1000 μs 
≤ Δ𝑇 ≤ 2000 μs were used for background subtraction. A background-
subtracted 𝛾𝛾 -energy coincidence matrix was created for the FATIMA 
array to analyze the coincidences between the observed 𝛾 rays for a 
𝛾𝛾 -coincidence time window of 100 ns. Examples of gated spectra are 
shown in Fig. 2. Despite the limited statistics, the four 𝛾 -ray transitions 
3

detected by FATIMA occur in coincidence with each other. These data 
Fig. 3. Background subtracted FATIMA energy spectrum. In the inset, the 𝐼𝜋 = 
10− isomer decay curve with fit is shown.

corroborate that the observed transitions are indeed from sequential de-
cays, in accordance with the level scheme established in Ref. [30]. Based 
on this pattern, the observed 𝛾 rays are following the decay of an 8+ iso-
meric state, feeding the yrast 6+1 → 4+1 → 2+1 → 0+1 cascade.

The present experiment was sensitive to isomeric lifetimes in the 
micro-second range and the observed 𝛾 rays from 190W showed a de-
layed time behavior, such that the half-life of an assumed isomeric 
feeding state could be determined by measuring the time difference Δ𝑇
between implantation and 𝛾 decay, i.e. between the S4 scintillator at 
the focal plane and FATIMA. A background-subtracted 𝛾 -Δ𝑇 matrix for 
the FATIMA array was created, and the total projection of the 𝛾 -ray en-
ergies is shown in Fig. 3. Fitted peak areas in time slices of 20 μs were 
then plotted as a function of time and fit by an exponential curve, as 
shown in the inset of Fig. 3. The half-life of the isomeric state in the 
present study was measured to be 𝑇1∕2 =127(12) μs from the 358-keV 
and the 484-keV transitions.

A previous high-resolution 𝛾 -ray study performed at GSI found 
that the 𝐼𝜋 = 10− isomer in 190W [34], originating from a neutron 
𝐾𝜋 = 10− 9∕2−[505]11∕2+[615] configuration, had a half-life of 𝑇1∕2 =
106(18) μs [29]. This half-life value was statistically compatible with 

the one of 𝑇1∕2 = 105(22) μs from an earlier experiment [49], however, 
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Fig. 4. (a) The delayed and anti-delayed time difference spectra of the decay cascade 779 → 344 keV were obtained by using coincidences with the 344 keV decay 
transitions in 152Gd. (b) The PRD time-walk characteristics curve of the 𝛾 − 𝛾 fast timing setup. (c) PRD residuals, i.e., the difference between the data and the fitted 
PRD function, the dashed lines represent two standard deviations (2𝜎).
at variance with the value of 𝑇1∕2 = 166(6) μs [30]. That work revealed 
that the 10− isomer would not decay via the yrast 8+ state, but a longer-
lived 160 ns 8+ isomeric state only 97 keV below the 10− isomer.

The present experiment was not sensitive to the 97 keV transition nor 
to an intermediate state with a 160 ns lifetime, which is well within the 
uncertainty of the feeding μs isomer’s lifetime. Nevertheless, the present 
isomer half-life of 127(12) μs supports the previous values derived at GSI 
over the value of Ref. [30]. The latter, however, used a different produc-
tion mechanism which may have led to different populations of initial 
states. We further note that due to the long correlation time window of 
2 ms and the subtraction of random background in the present lifetime 
measurement the decay curve shown in Fig. 3 clearly approaches zero, 
which has not been the case in the previous studies, which were limited 
to a range of few hundred microseconds.

The time resolution of the FATIMA setup greatly influences the ac-
curacy of the fast-timing technique. In order to optimize the technique, 
the time distributions of the LaBr3(Ce) detectors must be aligned before 
applying a time walk correction and carrying out the lifetime analysis. 
This was accomplished by using 𝛾 -ray transitions from a 60Co source, 
and the time resolution at 60Co energies, measured with VME electron-
ics, is 320 ps (see Ref. [46]).

The fast-timing technique, which is introduced in [50,51], was uti-
lized to determine the lifetime of the first excited state of 190W on a 
picosecond range. If the lifetime of the nuclear state is shorter than the 
time resolution of the prompt distribution, also known as the “Prompt 
Response Function (PRF)”, the Generalized Centroid Difference Method 
(GCD) [52,53] offers a reliable way to determine the lifetime. This tech-
nique is based on the centroids of time distributions between the “feed-
er” and “decay” transitions of the excited state, which act as start and 
stop signals, and vice versa, using a three-dimensional 𝐸𝛾1 −𝐸𝛾2 − Δ𝑇
matrix (cube).

Time distributions 𝐷(𝑡) result from folding the PRF with an expo-
nential function and are experimentally obtained. The centroid of 𝐷(𝑡)
is then given by [54,55]

𝐶(𝐷) =< 𝑡 >=
∫ ∞
−∞ 𝑡𝐷(𝑡) 𝑑𝑡

∫ ∞
−∞𝐷(𝑡) 𝑑𝑡

. (1)

The choice of the time start from the feeding (de-exciting) 𝛾 -ray 
defines delayed (anti-delayed) time distributions. The time difference 
between the centroids of the delayed (𝐶𝑑 ) and anti-delayed (𝐶𝑎) time 
distributions,

Δ𝐶 = 𝐶𝑑 (𝐷) −𝐶𝑎(𝐷), (2)
4

is related to the mean lifetime 𝜏 through [56]
𝜏 = 1
2
[Δ𝐶 − 𝑃𝑅𝐷(𝐸𝑓𝑒𝑒𝑑𝑒𝑟,𝐸𝑑𝑒𝑐𝑎𝑦)], (3)

where the Prompt Response Difference 𝑃𝑅𝐷(𝐸𝑓𝑒𝑒𝑑𝑒𝑟, 𝐸𝑑𝑒𝑐𝑎𝑦) = 𝐶𝑑 (𝑃 ) −
𝐶𝑎(𝑃 ) is the difference between the centroids of delayed and anti-
delayed PRFs at the respective energies. The PRD function is used to 
describe the time-walk behavior of the two-timing branches in the de-
tector setup. The centroid shift difference between the delayed and 
anti-delayed time distributions is shifted by +2𝜏 from the correspond-
ing PRD curve. In order to obtain a walk-free reference timing signal, an 
energy-dependent PRD curve is fit to 𝛾 -ray coincidence data from the 
decays of a 152Eu source populating states with well-known lifetimes 
(see Fig. 4). In particular, we find 𝑃𝑅𝐷(358, 207) = 255(5) ps.

To measure the lifetime of the 2+1 state of 190W, a background-
subtracted three-dimensional 𝐸𝛾1 − 𝐸𝛾2 − Δ𝑇 matrix was used to ap-
ply the GCD method. Similarly to the above, the time background 
was selected from the region 1000 μs ≤ Δ𝑇 ≤ 2000 μs. In addition, 
a 𝛾𝛾 energy coincidence condition was applied on the feeder-decay 
cascade (𝐸𝛾1,𝐸𝛾2) corresponding to a given state of interest to the 
𝐸𝛾1 −𝐸𝛾2 −Δ𝑇 matrix. As a result of these steps, the delayed and anti-
delayed time difference spectra were generated between a start and a 
stop detector, which were then used for the lifetime analysis.

Time differences between the feeding transition at 𝐸𝑓𝑒𝑒𝑑𝑒𝑟 = 358
keV, (4+1 → 2+1 ), and the decay transition at 𝐸𝑑𝑒𝑐𝑎𝑦 = 207 keV, (2+1 → 0+1 ), 
have been projected from gates on the 𝛾𝛾 -coincidences. The resulting 
time distributions are shown in Fig. 5. No significant time-correlated 
Compton background events underneath the peaks of interest were ob-
served. The analysis of the delayed and anti-delayed centroid difference 
resulted in a value of Δ𝐶 = 803(56) ps. Using this information and 
the formula in Eq. (3), the mean lifetime was determined to be 𝜏 =
274(28) ps, i.e., corresponding to a half-life of 𝑇1∕2 = 190(19) ps.

The same methods described above were used to derive the mean 
lifetime of the 4+1 state, 𝜏4+ . Due to limited statistics and the given time 
resolution of the setup we were only able to extract an upper limit of 
𝜏4+ < 28 ps at a 95.4% confidence level.

3. Discussion

From the measured mean lifetime of the 2+1 state of 190W and 
the electron-conversion coefficient 𝛼 = 0.276(4) from [57], we deter-
mine its reduced quadrupole transition strength to the ground state to 
𝐵(𝐸2; 2+1 → 0+1 ) = 95(10) W.u. This value clearly indicates quadrupole 
collectivity and motivates its discussion in terms of respective collective 
nuclear models. In the following, we will discuss our result in view of 
the shape evolution of the tungsten isotopes. Furthermore, we can base 

the discussion on calculations within an EDF-IBM-2 approach using the 
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Fig. 5. (a) Delayed (red) and anti-delayed (black) time distributions generated 
from the 4+1 → 2+1 → 0+1 cascade in 190W.

Fig. 6. The 𝐵22 ratio as a function of neutron number for the tungsten isotopic 
chain. Data taken from Refs. [8,11–14].

formalism which has been introduced for the structural analysis of Os 
and W isotopes [32].

The 𝑅4∕2 values in the W isotopic chain have already been shown 
in Fig. 1 and discussed further above, showing a drop toward 190W at 
𝑁 = 116, to a value of 𝑅4∕2 ≈ 2.6, typical for a 𝛾 -soft nucleus. Such an 
energy ratio could also occur in other structural regions, however, the 
low energy of the 2+2 state below the 4+1 state corroborates the interpre-
tation near the 𝛾 -soft limit. Furthermore, the ratio 𝐵22 = 𝐵(𝐸2; 2+2 →

0+1 )∕𝐵(𝐸2; 2
+
2 → 2+1 ), shown in Fig. 6, is diminishing toward 190W. Such 

near-forbidden decay of the 2+2 state to the ground state is also typical 
for nuclei approaching the 𝛾 -soft limit [58], where it resembles the se-
lection rule Δ𝜈 < 2 for 𝐸2 transitions with respect to the 𝑂(5) seniority 
quantum number 𝜈. Note that significant 𝑀1 strength from the second-
excited 2+ state is unlikely, and for 182−188W, the 2+2 → 2+1 transition 
is known to be of nearly pure 𝐸2 character, which we therefore also 
assume for 190W.

Fig. 7(a) shows 𝐵(𝐸2; 2+1 → 0+1 ) values for the Hf, W, Os and Pt 
isotopes from literature and the newly-derived value from the present 
work. All data are systematically down-sloping from the mid-shell re-
gion toward the 𝑁 = 126 shell closure. Considering the larger uncer-
tainties for the neutron-rich 188W and 190W, the new data point for 
190W extends the trend from 176−188W and is, within the experimen-
tal uncertainty, in agreement with a systematic drop of 𝐵(𝐸2) values 
as a function of neutron number. However, there is an indication for a 
potentially flat behavior from 𝑁 = 114 to 𝑁 = 116, which is discussed 
5

within the theoretical framework below.
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The 𝐵(𝐸2) values up to 190W can now be compared to theoreti-
cal predictions. On an absolute scale, the results from Ref. [43] de-
rived from Skyrme energy-density functionals, dramatically underpre-
dict data. Calculations using covariant density-functional theory and a 
five-dimensional collective Hamiltonian [44] predict a smooth, gradual 
prolate-triaxial transition across the W isotopic chain with an interme-
diate 𝛾 -soft minimum occurring at 190W, but an oblate minimum does 
not develop thereafter. This cross-over transition is reflected by a slow, 
gradual change of calculated spectroscopic quadrupole moments from 
negative (prolate) values to about zero, where 190W is predicted to have 
a quadrupole moment of about 𝑄𝑠 = −1.1 eb. This is contrary to the 𝛾 -
soft limiting value of 𝑄𝑠 = 0 eb. The calculated 𝐵(𝐸2) values from these 
calculations significantly overpredict data, with a too steep negative 
slope toward large 𝑁 , which is not favored by data. An approach based 
on the Gogny-D1M energy density functional [42] and an IBM-mapping 
procedure (EDF-IBM-2) [32] is consistent with a 𝛾 -soft structure of 190W 
and the development of oblate deformation beyond 𝑁 = 116, as it has 
been observed in data across the broader region [3]. In the following, 
we will adopt and further develop the latter approach and compare data 
to the predictions of the EDF-IBM-2 model for the W isotopic chain.

For a shape (phase) transition from prolate to oblate nuclei, one 
would naively expect a minimum 𝐵(𝐸2) value closest to the 𝛾 -soft limit 
and a rise when entering an oblate-deformed region, if the absolute 
value of quadrupole deformation 𝛽 would stay constant. This would cor-
respond to a switch of the spectroscopic quadrupole moment of the 2+1
state from negative to positive values, crossing zero at the 𝛾 -soft limit. 
In schematic IBM-1 calculations with constant boson numbers 𝑁 this is 
reflected by a mirror (point) symmetry of the 𝐵(𝐸2) (𝑄) values with 
respect to 𝜒 = 0, corresponding to 𝛾 = 30◦ as seen, e.g., in Ref. [3]. 
However, one must take into account the shrinking valence space when 
approaching the major shell closure at 𝑁 = 126, which impacts the de-
gree of collectivity and, hence, will alter the trend.

For details on the calculation of spectroscopic properties of tungsten 
isotopes, we refer to Ref. [32]. Based on the Gogny-D1M energy den-
sity functional, a Hartree-Fock-Boguliubov (HFB) calculation yielded a 
potential energy surface (PES) for each isotope. Similarly, PES can be 
calculated using the IBM-2, and its parameters are fitted to derive a 
maximum overlap of both, the HFB and the IBM-2 PES. The details of 
this mapping procedure are found in Refs. [59–61]. Then, the IBM-2 cal-
culations yield the low-energy spectrum of each respective isotope, as 
well as the 𝐸2 matrix elements. However, we point out that in this pro-
cedure it is not possible to fit effective charges isotope by isotope, and 
in [32] a constant value had been used.

In Fig. 7(b) we compare the 𝐵(𝐸2) data on W isotopes, up to 190W, 
to the calculated values using the same effective charges as in Ref. [32]
(EDF-IBM-2). One observes that the previous prediction from Ref. [32]
underestimates, systematically, all 𝐵(𝐸2) values. While the absolute 
scale of 𝐵(𝐸2) values can simply be set by adjusting the effective bo-
son charge in the model, the slope, which turned out to be too steep in 
the calculations from [32], is more difficult to obtain. We followed two 
alternative approaches to try to resolve this situation.

Our first approach is inspired by the work of Casten and Wolf [62], 
introducing boson-number dependent effective charges. In the original 
EDF-IBM2 description [32] a common effective charge of 𝑒𝐵 = 𝑒𝜈 =
𝑒𝜋 = 0.13 eb had been used. We rescaled the effective boson charge 
to 𝑒𝐵 = 0.5 (1 + 0.15 𝜒) ((𝑁 + 1)∕𝑁) 𝑒𝐵 with 𝜒 = 0.5 (𝜒𝜋 + 𝜒𝜈) and 
𝑒𝐵 = 0.27 eb. The resulting values are shown in Fig. 7(b) labeled as 
“EDF-IBM2-N”, reproducing the known data well, but resulting in a 
seemingly high 𝐵(𝐸2) value of almost 60 W.u. for the heaviest calcu-
lated isotope, 196W. We note that this approach involves two parameters 
- an effective boson charge 𝑒𝐵 and a slope for the 𝜒 dependence, which 
has been obtained within the IBM in Ref. [62], but which is adjusted 
to data in our approach while maintaining a boson charge 𝑒𝐵 typically 
found in this region.

The second approach uses different effective charges for protons and 

neutrons, 𝑒𝜋 and 𝑒𝜈 . To describe the available data well on average 
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Fig. 7. (a) Experimental 𝐵(𝐸2; 2+1 → 0+1 ) values in even-even Hf, W, Os, Pt isotopes. The literature data was taken from Refs. [8–22]. (b) Comparison of experimental 
and theory 𝐵(𝐸2; 2+ → 0+) values for even-even tungsten isotopes.
1 1

we used a fixed ratio of 𝑒𝜋∕𝑒𝜈 = 1.5, which led to the best description 
of data and derived 𝑒𝜈 = 0.122 eb 𝑒𝜋 = 0.183 eb. The resulting 𝐵(𝐸2)
values from this calculation are also included in Fig. 7(b), labeled as 
“EDF-IBM2-𝜋𝜈”. Using this approach, the systematic trend of data is 
better reproduced, similar to the EDF-IBM2-N method. In particular, 
besides the absolute scale, the slope of decreasing calculated 𝐵(𝐸2) val-
ues changed in the vicinity of known data, but drops somewhat faster 
toward the 𝑁 = 126 shell closure than the boson-number dependent ap-
proach.

With the first approach described above reflecting the dependence 
of the 𝐵(𝐸2) values on the size of the valence space and degree of 
axial symmetry, and the second reflecting the difference in proton 
and neutron effective charges, both have well-founded origins. There-
fore, we finally combined both in order to obtain a calculation taking 
all of these effects into account. That is, the proton effective charge 
has been fixed to 𝑒𝜋 = 0.2175 eb, and a neutron effective charge to 
𝑒𝜈 = 0.1450 eb, so that the ratio of 1.5 holds. The neutron effective 
charge was allowed to vary with neutron-boson number 𝑁𝜈 and 𝜒𝜈 as 
𝑒𝜈 = 0.5 (1 − 0.3 𝜒𝜈) ((𝑁𝜈 + 1)∕𝑁𝜈) 𝑒𝜈 .

The results from this combined approach are labeled as “EDF-
IBM2-𝜋𝜈N” in Fig. 7(b), and give the best overall agreement with data 
up to 190W. It is noteworthy to point out the flat behavior of 𝐵(𝐸2)
values between 188W and 190W in the calculation, which is due to the 
change of sign in 𝜒𝜈 , as a consequence of the transition from prolate 
to oblate deformation. This trend is only tentatively indicated by the W 
data due to the large uncertainties at neutron numbers 114 and 116. 
Extending the EDF-IBM-2-𝜋𝜈N would be of high interest, but requires 
extended EDF-IBM-2 calculations toward lower neutron numbers, and 
would strongly benefit from more precise measurements of the 188W and 
190W 𝐵(𝐸2) values.

The continuous drop of 𝐵(𝐸2) values beyond 𝑁 = 116 seemingly 
contradicts the schematic expectation for a rise from the 𝛾 -soft limit 
toward oblate well-deformed isotopes. Therefore, we also show the cal-
culated spectroscopic quadrupole moments, 𝑄𝑠(2+1 ) in Fig. 8. One ob-
serves the expected flip from negative to positive values from 𝑁 = 114
to 𝑁 = 116, indicating the proximity to the prolate-oblate phase tran-
sition. However, we note that the absolute values on the oblate side 
are smaller. The reason for this behavior is the approach of the 𝑁 = 126
shell closure. In the IBM-2, this is reflected in the decrease in the number 
of (neutron) bosons, which directly enters the calculation of 𝐸2 matrix 
elements. Therefore, despite the switch from prolate to oblate deforma-
tion at 190W, a continuous drop of 𝐵(𝐸2) values is predicted, in good 
agreement with the observed trend in the experiment. From these con-
siderations, in view of the systematical behavior of the 𝑅4∕2, 𝐵22 and 
𝐵(𝐸2) values, the spectroscopic data on 190W matches the predictions 
for the most 𝛾 -soft, 𝑂(6)-like, isotope in the W isotopic chain, approach-
6

ing the 𝑁 = 126 shell closure.
Fig. 8. Spectroscopic quadrupole moments 𝑄𝑠 for W isotopes as calculated in 
the EDF-IBM2-𝜋𝜈N approach (circles). In addition, the two available data points 
[8,13] at 𝑁 = 112, 114 are shown (triangle) with their uncertainties.

4. Summary

In summary, the current measurement has determined the mean life-
time of the first 2+ state of 190W to 274(28) ps, which results in a 
𝐵(𝐸2; 2+1 → 0+1 ) value of 95(10) W.u. This value indicates a halt in the 
decreasing trend of 𝐵(𝐸2) values in the W isotopic chain, and is in line 
with the expectations from revised EDF-IBM-2 calculations, taking into 
account effects of axial symmetry, size of the valence space, and the 
proton-neutron degree of freedom. The calculations clearly indicate the 
switch from prolate to oblate deformation, while collectivity overall de-
creases due to the approach of the 𝑁 = 126 shell closure.
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