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Total absorption γ-spectroscopy study of the beta decay of 100Sn
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In this report we are presenting the progress on the
analysis of the NP1612-RIBF147 experiment. The goal
of this experiment was to study the beta decay of 100Sn
and neighbouring nuclei using the total absorption tech-
nique. In our measurement the total absorption spec-
trometer DTAS1) was used in combination with the im-
plantation detector AIDA.2) Details of the experiment
can be found in Ref. 3).

One key aspect of the work performed was to improve
the signal to background ratio of the coincident data as
much as possible. The sorting conditions of the data
and the number of parameters available for the analysis
makes this task daunting without proper quantification
of the code optimisations. For that reason we introduced
a figure of merit. The figure quantifies the improvements

Fig. 1. Parameters employed in the definition of the figure
of merit for the time distribution of the β particles. The
area S stands for signal, B for background, b is the high
of the background. B is estimated using the backward
correlation time interval [−ts, 0]. Tib stands for implant-
β time.
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Fig. 2. Time distribution of the β particles emitted after the
decay of 100Sn in coincidence with DTAS.

made by the changes in the analysis code looking for the
reduction of the accidental correlations associated to the
decay of 100Sn. In our study we changed several sort-
ing parameters and compared the area of the true cor-
relations (S) with the area of the background (B) (see
Fig. 1. for an schematic view). The optimisation con-
sisted in looking for conditions that increase the S to B
ratio. Note that the correlation time window (ts) is re-
lated to the decay half-life of the implanted nucleus of
interest. Some improvements on the AIDA sorting code
were also necessary.4)

In Fig. 2 we show the present status of the implant-β
time correlation (gated with the condition on the DTAS
firing) after implementing all cleaning conditions for the
100Sn. Thanks to the procedures applied, an increase
of the signal to background ratio of the order of 20%
was achieved, improving the DTAS gamma correlated
data. In the near future we will refine the calibration
of the detectors and calculate the response function of
the setup, which is mandatory for the total absorption
spectrum analysis. Due to technical problems during our
run we were only able to take data for 4 days from a total
of 10 approved days. The continuation of the experiment
is expected to occur in 2021.
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Shape evolution of 106, 108, 110Mo in the triaxial degree of freedom†
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The properties of the 2+2 band in even-even nuclei
are closely connected with the triaxial motion in the
direction of the γ degree of freedom, such as the γ-
vibration, rigid triaxial rotor,1) or γ-unstable rotor.2)
The lowering of the known 2+2 -state energy in neutron-
rich molybdenum isotopes (Z = 42) is interpreted as the
development of these triaxial motions associated with
the ground-state shape. We studied the neutron-rich
106, 108, 110Mo isotopes with higher statistics by measur-
ing the β-delayed γ rays.

A neutron-rich cocktail beam was produced from the
fragmentation of a 345-MeV/nucleon 238U86+ beam.
The nuclides were separated and identified on the Bi-
gRIPS separator and delivered to F11. The ions and
β particles were detected by the WAS3ABi active stop-
per. A high-purity Ge array, EURICA,3) and fast-timing
LaBr3(Ce) array were used to measure the energy and
time of γ rays.

Figure 1 shows B(E2) determined from the lifetime
measurement of the 2+1 states using the LaBr3(Ce) ar-
ray. The quadrupole deformation parameters β2 of
106, 108, 110Mo were deduced to be 0.349(13), 0.327(10),
and 0.305(7), respectively. The results were compared
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Fig. 1. B(E2; 2+1 → 0+1 ) of the neutron-rich Mo isotopes.
The theoretical results calculated with SLy4 and SLy5+T
interactions are shown.

with beyond-mean-field calculations using SLy4 and
SLy5+T interactions, for which the predicted ground-
state shapes were oblate and prolate, respectively. The
prolate shape was indicated because the calculation with
the SLy5+T interaction reproduces both B(E2) and the
energies of the ground-state band.

The 2+2 band in 110Mo was extended up to the 7+

state. The energy staggerings of the 2+2 bands in
106, 108, 110Mo are close to that of the axially symmetric
rotor of the γ-vibrational state, rather than Davydov’s
rigid-triaxial rotor model or Wilets-Jean model for γ-
unstable nuclei. A candidate of the two-phonon γ vi-
brational band with Kπ = 4+, which has not been well
established yet, was found in 110Mo. The Kπ = 4+ band
decays only to the γ-vibrational band, and the energy
of the Kπ = 4+ state is 2.5 times larger than that of
the 2+2 state. Moreover, new 0+2 states were assigned in
108Mo and 110Mo.

The spin and parity of parent nuclei were assigned
from the log ft values to be 4− and 2− for the ground
state in 106Nb and 108Nb, respectively. Two β-decaying
states were identified in 110Nb, and their spin-parities
were asigned as 2− and 6−.
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