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 a b s t r a c t

High-resolution in-beam 𝛾-ray spectroscopy of the neutron-rich 110Mo68 and 112Mo70 isotopes was performed for 
the first time at relativistic energies. This experiment was conducted at the Radioactive Isotope Beam Factory 
(RIBF), RIKEN. The 110Mo and 112Mo isotopes were produced via nucleon removal reactions of radioactive Mo and 
Tc ions, and the 𝛾 rays emitted following these reactions were measured using the High-resolution Cluster Array 
at RIBF (HiCARI). Doppler-corrected energy spectra enabled the precise determination of transition energies and 
half-lives through the line-shape method. In addition to providing new lifetime information, the level scheme of 
112Mo was extended, including the 𝛾-band structure, and the precision of existing level energies was significantly 
improved. Using the lifetime data, reduced transition probabilities were deduced. The 𝐵(𝐸2; 2+1 → 0+1 ) values 
indicate large collectivity and deformation, while the properties of the 2+2  states and their decay to the ground-
state band point to an increase in triaxial deformation from mid-shell toward 𝑁 = 70. To interpret these findings, 
two theoretical models were applied and compared with the experimental results highlighting the importance 
of triaxial deformation.

The atomic nucleus serves as a fundamental system for exploring 
many-body quantum physics. While the nuclear shell model describes 
single-particle behaviour [1–3], the interplay of proton-proton, neutron-
neutron, and proton-neutron interactions also gives rise to collective 
motion. The emergence of low-lying excited states in even-even nuclei, 
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with energies below the nucleon pairing gap, was linked to nuclear col-
lective motion by Rainwater [4] and further developed by Bohr and 
Mottelson [5] in the 1950s. In this framework, an axially symmetric de-
formed nucleus exhibits a rotational ground-state band, while 𝛽 and 𝛾
vibrations correspond to oscillations along different axes.
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While the conventional collective model effectively describes many 
nuclei, some require additional degrees of freedom. Triaxial deforma-
tion, characterised by the 𝛾 degree of freedom ranging from 0◦ (prolate) 
to 60◦ (oblate), accounts for such cases. While quadrupole deformation 
and rotation are reflected in the properties of the ground-state band, 
this triaxial motion is closely linked to the 𝛾 band, built on an excited 
2+𝛾  state. With increasing 𝛾 deformation, the excitation energy of the 2+𝛾
state is reduced.To describe triaxial deformation, Davydov and Filippov 
introduced the rigid triaxial rotor model [6]. Assuming static maximum 
triaxiality of 𝛾 = 30◦, this model predicts the 2+𝛾  state at lower excitation 
energy than the 4+1  state and its main decay branch to proceed to the 
2+1  state. In contrast, the 𝛾-unstable rotor model proposed by L. Wilets 
and M. Jean assumes no strict confinement of 𝛾 in the potential energy 
surface [7]. In this case, the model predicts the degeneracy of the 4+1
and 2+2  states.

Neutron-rich Mo isotopes are key candidates for studying triaxiality. 
Beyond-mean-field calculations with the Gogny D1S interaction predict 
ground-state triaxial deformation in 102Mo–110Mo [8] and the density 
functional theory (UNEDF0) suggests triaxiality in 106Mo and 108Mo [9]. 
Experimental efforts over decades have focused on 𝛾-band structures to 
probe triaxiality in these isotopes [10–13]. Recent studies on 106Mo, 
108Mo, and 110Mo have combined advanced theoretical approaches with 
empirical models, including 𝛾-band energy staggering patterns [14]. 
However, interpretations vary, emphasizing different aspects such as 
𝛾 vibration, rigid triaxial rotors, and 𝛾-unstable behaviour. This under-
scores the need for more precise experimental data, particularly reduced 
transition probabilities, to refine our understanding of triaxiality in ex-
otic nuclei.

In this letter, we report lifetime measurements of excited states in 
neutron-rich 110Mo and 112Mo using the Doppler-broadened line-shape 
method at relativistic energies [15]. In particular, the lifetimes of the 2+𝑥
states, except the 2+1  state in 110Mo, were measured for the first time in 
this region, which are sensitive to triaxiality. Additionally, we present 
a significantly revised level scheme for 112Mo, including more precise 
transition energies. The experimental results are then compared with 
state-of-the-art nuclear model calculations, providing new insights into 
the structure of these isotopes.

The experiment was carried out at the Radioactive Isotope Beam Fac-
tory (RIBF) at RIKEN where a cocktail beam was produced via in-flight 
fission of a 238U primary beam impinging on a 4-mm-thick 9Be target at 
an energy of 345 𝐴MeV. The fission fragments were selected and identi-
fied using the BigRIPS spectrometer, employing the 𝐵𝜌 − Δ𝐸-Time-of-
Flight method [16,17]. In a secondary reaction, 110Mo was produced by 
one-neutron removal from 111Mo on a 6-mm-thick 9Be target at approx-
imately 235 𝐴MeV, while 112Mo was generated via one-proton removal 
from 113Tc. In each case the isotope of interest was transmitted through 
the ZeroDegree Spectrometer and identified using the same method as 
in BigRIPS. The 𝛾 rays emitted following the removal reactions were 
detected with the High-resolution Cluster Array at RIBF (HiCARI) [18]. 
To optimise detection efficiency and sensitivity for longer lifetimes of 
several hundred picoseconds, the secondary 9Be target was positioned 
10-cm upstream of the HiCARI focal point. Six Miniball triple-cluster 
detectors [19] were mounted at forward angles, covering angles from 
15◦ to 35◦ with respect to the beam axis. Four segmented clover detec-
tors [20] were installed to cover the angle range of 38◦ − 65◦ together 
with two modules of GRETINA-type tracking detectors [21]. Doppler 
correction was performed under the assumption that the interaction 
point with the highest energy deposit corresponded to the first photon 
interaction within the detector material. For the tracking detectors, the 
interaction points were determined using signal decomposition, as de-
tailed in [22]. For the segmented detectors, the segment centres were 
used, based on the average of first interactions derived from simulations. 
Precise detector positioning within the laboratory system was achieved 
using photogrammetry measurements. The clover-type detectors were 
excluded from the analysis due to their limited sensitivity to long life-
times arising from the large polar angles relative to the beam direction. 

Fig. 1. Doppler-corrected energy spectra of 110Mo, after atomic background 
subtraction, measured by (a) the Miniball detectors and (b) the tracking detec-
tors. The data are superimposed by a fit result (green lines) obtained by adding 
the simulated individual response functions (blue lines) and a continuous back-
ground (red lines). The insets show the 𝜒2 maps of the 2+1 → 0+1  transitions ob-
tained by varying combinations of transition energy and half-life. The minimum 
𝜒2 values are marked with white crosses and white contours indicate the area 
where energy and half-life simultaneously take on values within the 1𝜎 range of 
the optimum values. Transitions are labelled with the 𝛾-ray energies extracted 
from the fits of individual detector groups. (For interpretation of the references 
to color in this figure legend, the reader is referred to the web version of this 
article.) 

The detection efficiencies of the Miniball and tracking detectors (for 𝛾-
ray emission at rest) were approximately 1.5% and 1.3% at 0.3 MeV, 
respectively.

Figs. 1 and 2 show Doppler-corrected energy spectra of 110Mo and 
112Mo, respectively. As described in [23], the Doppler correction was 
applied using the velocity of the ions after the target as most decays 
occur behind the target, based on a mean transit time of approximately 
35 ps. Naturally, this leads to some distortion for fast transitions such 
as the 6+ → 4+ transitions around 530 keV. Additionally, the atomic 
background was removed following the method described in [23]. To 
extract transition energies and half-lives, the response functions of all 
individual detectors for each excited state were reproduced using a cus-
tomised simulation package [24] based on the Geant4 framework [25]. 
The key difference from the previous work [23] is that the feeding or 
cascading effects from higher-lying levels could be fully incorporated, as 
the internal level structure of 110Mo has been well established through 
decay spectroscopy, providing precise energy and relative intensity in-
formation [14]. For 112Mo, this feeding effect could be also incorporated 
assuming, however, the similarity in the 𝛾-ray transition patterns as in 
110Mo. The total response functions of the Miniball and tracking detec-
tors for decay cascades are shown as blue lines in Figs. 1 and 2 for 110Mo 
and 112Mo, respectively.
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Table 1 
Summary of level excitation energies, transition energies, level half-lives, spin assignments, 
and reduced transition probabilities in 110Mo and 112Mo obtained from the present work. 
Those results are mean values obtained from the Miniball and tracking detectors. Uncer-
tainties include both statistical and systematic errors (1 keV for energies and 10% for half-
lives). The theoretical 𝐵(𝐸2) values from the SCCM [29] and QVSM [30] calculations are 
given for comparison.
𝐸level (keV) 𝐸𝛾 (keV) 𝑇1∕2, level (ps) 𝐽 𝜋

𝑖 𝐽 𝜋
𝑓 𝐵(𝐸2; 𝐽 𝜋

𝑖 → 𝐽 𝜋
𝑓 ) (𝑒2b2)

110Mo68  This work a  SCCM  QVSM
214.1+1.8−1.9 214.1+1.8−1.9 430+69−70 (2+1 ) 0+1 0.28+0.05−0.04  0.28  0.27
493.2+2.5−2.6 279.1+1.8−1.8 146+30−33 (2+2 ) (2+1 ) 0.11+0.04−0.02

b  0.39  0.06
 – 493.2+1.8−1.8  – (2+2 ) 0+1 0.006+0.002−0.001

b 1.4 × 10−3  0.03
599.7+3.0−3.1 385.6+1.7−1.8 26+7−8 (4+1 ) (2+1 ) 0.26+0.11−0.05  0.41  0.39
699.2+3.8−4.0 206.0+2.0−2.4 62+19−15 (3+1 ) (2+2 ) 0.57+0.20−0.14

b  0.51  0.50
 – 485.1+2.0−2.4  – (3+1 ) (2+1 ) 0.025+0.006−0.009

b 4 × 10−5  0.05
915.0+4.7−5.2 421.8+1.8−2.1 51+11−15 (4+2 ) (2+2 ) 0.08+0.03−0.02  0.17  0.18
1131.9+3.8−4.0 532.2+2.3−2.6 3.5+2.3−2.2 (6+1 ) (4+1 ) 0.38+0.61−0.15  0.52  0.45
1162.9+5.2−5.7 463.7+2.3−2.3 20+7−8 (5+1 ) (3+1 ) 0.14+0.09−0.04  0.30  0.30
112Mo70  This work a  SCCM  QVSM
241.1+1.9−1.8 241.1+1.9−1.8 234+40−43 (2+1 ) 0+1 0.28+0.06−0.05  0.17  0.30
518.7+2.9−2.7 277.6+2.2−2.1 158+35−36 (2+2 ) (2+1 ) 0.14+0.05−0.03

c  0.16  0.17
 – 518.7+2.2−2.1  – (2+2 ) 0+1 0.003+0.011−0.001

c  0.02  0.02
655.1+3.5−3.4 414.0+2.1−2.1 30+14−11 (4+1 ) (2+1 ) 0.15+0.15−0.05  0.27  0.45
747.6+5.3−5.4 506.5+2.3−2.5 47+17−16 (3+1 ) (2+1 ) 0.04+0.02−0.01  0.03  0.04
991.7+5.7−5.9 473.0+2.1−2.5 42+17−17 (4+2 ) (2+2 ) 0.06+0.04−0.02  0.22  0.16
1215.7+4.8−4.8 560.6+3.3−3.3 2.8+1.8−2.2 (6+1 ) (4+1 ) 0.36+0.68−0.14  0.37  0.54
a All transitions are assumed to have pure 𝐸2 character.
b Using the 𝐵(𝐸2) ratios from [14].
c Using the 𝐵(𝐸2) ratios from [28].

Fig. 2. Same as Fig. 1 but for the 112Mo case. 

The response functions were varied in 0.5-keV steps for the transi-
tion energies of all excited states in the simulation. For the lifetimes, 
5-ps steps were used for the long-lived (2+1 ) and (2+2 ) states, and 2-ps 
steps for all other excited states. The Doppler-corrected energy spectra 

were fitted using these response functions including a continuous back-
ground comprising of two exponential functions. The fits were evaluated 
using two-dimensional 𝜒2 maps, as shown in the insets of Figs. 1 and 2. 
The mean values and 1𝜎 uncertainties for transition energies and half-
lives were extracted from these 𝜒2 maps, after smoothing the 𝜒2 surface 
and following the procedure detailed in [23]. The white crosses in the 
𝜒2 maps indicate the optimum 𝐸 − 𝑇1∕2 combinations corresponding to 
the minimum 𝜒2 = 𝜒2

min. The white solid lines represent 𝜒2
min + 2.4 con-

tours, denoting region where the probability of both energy and half-life 
values lies within one standard deviation, thus taking into account cor-
related uncertainties [23,26]. Excitation energies and decay half-lives 
were extracted for the two detector groups individually and in all cases 
consistent results were obtained independently. The final fit results, as 
weighted averages of the two detector groups, are shown as green lines 
in Figs. 1 and 2, and the extracted optimal fit values are summarised in 
Table 1. Besides the statistical uncertainties extracted from the 𝜒2 maps, 
systematic errors were added, which are primarily attributable to un-
certainties in the target position, the velocity of the projectile-like frag-
ments, and angular positions of detectors. The first two factors cause a 
systematic error of approximately 1 keV in energy, while 10% of the 
systematic error was applied to the measured half-lives to compensate 
the variation between different angle groups.

For 110Mo, all measured energies are consistent between the detec-
tor groups and with previous results [14]. All half-lives, except for the 
(2+1 ) → 0+1  transition, were newly measured in the present work. Notably, 
our measured half-life of the (2+1 ) → 0+1  transition, 430+69−70 ps, is consider-
ably shorter than the previously reported value of 582(28) ps [14]. This 
inconsistency can be attributed to the difference of the experimental 
method, the level populations, and feeding effects in the 𝛽-decay exper-
iment. The apparent differences in the response function intensities at 
490 keV between the Miniball and tracking detectors can be attributed 
to the differing lifetime sensitivities of these detector types. Miniball de-
tectors are significantly more sensitive to longer lifetimes, and the 486- 
and 494-keV transitions exhibit comparatively longer half-lives than the 
464-keV transition. As a result, the peak heights of the 486- and 494-keV 
transitions appear more pronounced in Miniball detectors, while the tail 
structures are more extended in the tracking detectors.
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Fig. 3. Level schemes obtained from the present work (black) and theoretical 
predictions using the SCCM [29] (red) and QVSM [30] (blue) interactions for (a) 
110Mo and (b) 112Mo, respectively. The 0+2 -state band structures are represented 
for the theoretical predictions, which could not be observed from the current 
data. (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.) 

In 112Mo, all half-lives were newly measured, and the level scheme 
was significantly extended compared to the previous work [27]. Since 
statistics were not sufficient for the construction of 𝛾 − 𝛾 coincidences, 
the level scheme of 112Mo was established based on the 𝛾-ray energy sum 
method and comparison with the neighbour 110Mo. A new transition at 
278 keV was clearly identified, and the triplet structure at approximately 
500 keV could be resolved, in contrast to the previous work [27]. The 
excitation energies of the (2+1 ), (4+1 ), and (2+2 ) states could be more pre-
cisely measured as 241.1+1.9−1.8, 655.1+3.5−3.4, and 518.7+2.9−2.7 keV, respectively, 
compared to previous values of 235(7), 645(12), and 485(26) keV. Fur-
thermore, transitions from the (6+1 ), (3+1 ), and (4+2 ) states were newly 
observed, and with the latter two, for the first time, a 𝛾-band structure 
was established in 112Mo. The half-life of the (2+1 ) → 0+1  transition was 
determined to be 234+40−43 ps. Moreover, the half-life of the 2+2  state was 
measured as 158+35−36 ps, which is very similar to 110Mo. To deduce the 
𝐵(𝐸2) values from the (2+2 ) state to the ground and (2+1 ) states the newly 
measured branching ratio was applied [28]. The other measured half-
lives are also very similar, leading to a good agreement between the 
𝐵(𝐸2) values determined for 110Mo and 112Mo, as summarised in Ta-
ble 1. In particular, the 𝐵(𝐸2) values for the (2+1 ) and (2+2 ) states exhibit 
quasi identical values.

It is worth emphasising that, as shown in Fig. 3, the level struc-
tures of 110Mo and 112Mo are very similar; however, the deformation 
in the ground-state band appears to decrease when evaluated through 
the 2+1  excitation energies and the energy ratios between 4+1  and 2+1 , with 
𝐸(4+1 )∕𝐸(2+1 ) = 2.80 and 2.72 for 110Mo and 112Mo, respectively.

Fig. 4(a) presents the systematics of reduced transition probabilities 
𝐵(𝐸2; 2+1 → 0+1 ) values for the neutron-rich Mo isotopes. The new data 
points suggest that the 𝐵(𝐸2; 2+1 → 0+1 ) values may start to saturate start-

Fig. 4. Systematic plot of (a) reduced transition probabilities and (b) energy 
ratios between 4+1  and 2+2  states in Mo isotopes as a function of neutron number. 
Theoretical results from the SCCM [29] and QVSM [30] calculations are shown 
to compare with the experimental data [14,27,35,36]. 

ing from 𝑁 = 64. Furthermore, the relative position of the 2+2  state with 
respect to the 4+1  state, shown as their ratio in Fig. 4(b), strongly de-
creases from 𝑁 = 62 onwards, suggesting that the triaxial deformation 
increases with neutron number. However, between 110Mo and 112Mo 
the measured 𝐵(𝐸2; 2+2 → 2+1 ) and 𝐵(𝐸2; 2+2 → 0+1 ) values stay constant 
within their uncertainties indicating persisting strong triaxial deforma-
tion towards 𝑁 = 70. The observed 𝐸(4+1 )∕𝐸(2+1 ) and 𝐸(2+2 )∕𝐸(2+1 ) ratios 
in 110Mo and 112Mo are consistent with 𝛾 values of 25.5◦ and 27◦, respec-
tively, when applying the rigid triaxial rotor model [6]. However, apply-
ing these 𝛾 values to determine the 𝐵(𝐸2; 2+2 → 2+1 ) values, yields larger 
values of 0.27 and 0.33 𝑒2b2, as compared to the experimental ones of 
0.11+0.04−0.02 and 0.14+0.05−0.03 𝑒2b2 for 110Mo and 112Mo, respectively, indicating 
that the interpretation as rigid triaxial rotation is not sufficient.

To describe the experimental findings two different theoretical 
models have been employed. The first is the symmetry-conserving 
configuration-mixing (SCCM) method [29] with the Gogny D1S
interaction [31,32]. In this version of a beyond-mean-field approach, 
a set of quadrupole-deformed, angular-momentum and particle-number 
projected Hartree-Fock-Bogolyubov (HFB) states is generated by min-
imising the particle-number projected energy under constraints imposed 
on the quadrupole degrees of freedom (𝑄0, 𝑄2) related to the deforma-
tion parameters (𝛽2, 𝛾). The final nuclear states are described as linear 
combinations of these projected intrinsic states within the generator co-
ordinate framework. Thanks to the so-called collective wave functions, 
this method enables the interpretation of individual nuclear states in 
terms of the probability of certain axial and triaxial shapes.

The total energy surfaces in the (𝛽2, 𝛾) plane, calculated using the 
Gogny D1S interaction, exhibit a similar structure in both isotopes with 
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a relatively smooth minimum extending from (0.35, 25◦) to (0.25, 60◦). 
More details on the calculations will be presented in a forthcoming 
publication [33]. After angular momentum projection and configura-
tion mixing, the ground-state band of the 110Mo nucleus is predomi-
nantly built from triaxial configurations around (0.35, 25◦), whereas in 
112Mo the deformation is slightly smaller and shifts towards a more 
oblate shape, (0.30, 40◦). In addition, Δ𝐽 = 1 bands, built upon a 2+2  state, 
is predicted. Their collective wave functions are also triaxial, peaking 
around (0.35, 25◦) in both isotopes. Additionally, a second Δ𝐽 = 2 band 
appears at relatively low excitation energies, characterised by minimal 
mixing between the oblate and triaxial states presented in the energy 
surface. These bands are yet to be identified experimentally. The cal-
culated bands appear stretched compared to the experimental results. 
Performing angular momentum projection before variation and/or in-
cluding cranked states in the initial set of states mixed within the SCCM 
method would reduce this effect [34], however, this is beyond the scope 
of the present work.

Regarding the transition probabilities, 𝐵(𝐸2; 2+1 → 0+1 ), the SCCM 
calculations with the Gogny-D1S interaction exhibit an inverted 
parabolic trend between 100Mo and 112Mo, as shown in Fig. 4(a). This 
is consistent with the experimental data for the 100−108Mo interval, al-
though the calculated values are systematically higher due to the over-
estimation of the deformation. Finally, the SCCM calculations predict 
rather 𝛾-soft energy surfaces throughout the entire isotopic chain. Corre-
spondingly, the ratios 𝐸(2+2 )∕𝐸(4+1 ) remain fairly constant and close to 1. 
As shown in Fig. 4(b), the experimental values of these ratios are slightly 
higher, which could indicate a more rigid triaxial rotational behaviour. 
It is also worth noting that the 𝐵(𝐸2; 2+2 → 2+1 )∕𝐵(𝐸2; 2+1 → 0+1 ) ratios 
obtained from the SCCM calculations decrease in 112Mo and in fact the 
𝛾 degree of freedom changes from 𝛾 = 25◦ to 40◦. However, these ratios 
are in both cases overestimated compared to the experimental results 
(see Table 1).

The second model employed to describe the experimental observa-
tions is the Quasiparticle Vacua Shell Model (QVSM), which represents 
the most advanced methodology in Monte-Carlo Shell Model calcula-
tions, utilising particle-number, angular momentum, and parity pro-
jected, quasiparticle vacua as basis vectors, rather than Slater deter-
minants [30]. For 110Mo, the predicted 2+1  excitation energy and the 
𝐵(𝐸2; 2+1 → 0+1 ) value agree well with experimental results, but the en-
ergy ratios of 𝐸(4+1 )∕𝐸(2+1 ) = 3.28 and 𝐸(2+2 )∕𝐸(4+1 ) = 1.13 are overes-
timated. On the other hand, the 𝐵(𝐸2; 2+2 → 2+1 ) and 𝐵(𝐸2; 2+2 → 0+1 )
values, which are sensitive to the triaxial deformation, are also con-
sistent with the measured values. The T-plot [37] for this isotope shows 
prolate-triaxial deformation with 𝛾 softness in the ground state centred 
at 𝛾 ≈ 20◦ [33]. For 112Mo, the predicted level spectrum in Fig. 3(b) 
fits well with the experimental results. Furthermore, the 𝐵(𝐸2) values 
for the 2+1  and 2+2  states are also consistent with the experimental find-
ings. The lowering of the 2+2  state in 112Mo in conjunction with the in-
creased 𝐵(𝐸2; 2+2 → 2+1 )∕𝐵(𝐸2; 2+1 → 0+1 ) ratio suggests that this isotope 
exhibits increased triaxiality, which is also supported by T-plot mini-
mum at 𝛾 ≈ 25◦.

Interestingly, the QVSM calculation predicts a further increase in col-
lectivity for 𝑁 = 70, a trend that differs not only from the SCCM model, 
but also from the results for the Zr isotopes discussed in [23]. However, 
due to the large experimental uncertainties in the 𝐵(𝐸2; 2+1 → 0+1 ) val-
ues, it remains to be clarified whether collectivity in Mo isotopes is in-
deed enhanced at 𝑁 = 70. Finally, as can be seen in Fig. 4(b) the QVSM 
predicts a very large 𝐸(2+2 )∕𝐸(4+1 ) ratio around 𝑁 = 64, which is not ob-
served experimentally and opposite to the SCCM predictions. Neither of 
the models seems to fully capture the evolution of triaxial deformation 
along the isotopic chain.

The QVSM model also predicts shape coexistence in both 110Mo and 
112Mo with an oblate deformed excited 0+2  state. As shown in Fig. 3, the 
0+2  states exhibit rotational band structures, but located at higher en-
ergy than in the SCCM. In 112Mo, this structure is expected at a lower 
excitation energy, although it remains much higher than the SCCM pre-

diction. Candidates for 0+2  states in 110Mo and 112Mo have not yet been 
identified.

By comparing with two different models, we conclude that the most 
neutron-rich Mo isotopes accessible experimentally, 110Mo and 112Mo, 
exhibit similar structural characteristics consistent with significant tri-
axial deformation in their ground states. Our data support the impor-
tance of triaxiality in these isotopes, but a clear distinction between 
rigid and soft requires further investigations. These new findings go be-
yond the results of a previous study, which proposed axial symmetry 
in the ground state, mainly based on excitation energies and backed by 
five-dimensional collective Hamiltonian calculations with Skyrme inter-
actions [14].

In summary, we performed the first high-resolution in-beam 𝛾-ray 
spectroscopy of 110Mo and 112Mo at RIBF using the HiCARI system. In 
this experiment, we measured the half-lives of excited states in both nu-
clei and established new levels in 112Mo. The newly determined level 
scheme and reduced transition probabilities for 112Mo closely match 
those of 110Mo, suggesting a smooth evolution of nuclear shape and col-
lectivity in the Mo isotopes towards 𝑁 = 70. In particular, the newly 
measured transition rates of the 2+𝑥  states enabled us to confirm the im-
portance of strong triaxial deformation, in general accordance with the 
predictions from the SCCM and QVSM model calculations. While shape 
coexistence with a higher-lying, oblate-deformed structure is also pre-
dicted by both models, these structures were not observed in this ex-
periment. Future studies with a high-efficiency 𝛾-ray tracking array will 
be needed to verify these predictions and to clearly establish the exact 
nature of nuclear deformation in this mass region.
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