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Precision measurement of ground-state electric quardrupole moment
for neutron-rich 21O
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The anomalous nuclear properties had been exper-
imentally indicated for the neutron-rich 23O isotope,
such as the formation of halo structure1) and the pres-
ence of the new neutron magic number at neutron
number2) N = 16. This originates the interest in the
shell evolution in this region of neutron-rich oxygen iso-
topes. Such information can be directly provided by
the knowledge about the nuclear properties of neigh-
boring isotopes, such as 21O.

Previously, we have conducted the measurements of
the electromagnetic moments of 21O3) and the ground-
state magnetic moment has been successfully deter-
mined. However, due to RF tank circuit limitations,
the obtained spectrum for the quadrupole moment (Q-
moment) measurement was insufficient to make firm
conclusions and required further study. Since then, the
experimental setup was improved and the Q-moment
has been successfully measured.

The present experiment was carried out using the
RIPS separator at the RIBF facility. A spin-polarized
beam of neutron-rich 21O was produced in the pro-
jectile fragmentation reaction of a 22Ne beam at
70 MeV/nucleon on a 185-mg/cm

2 Be target. To en-
sure polarization, the momentum window and emis-
sion angle of the secondary fragments were selected
to be pF = p0 × (0.97 ± 0.03) and θF > 1.5◦, re-
spectively. Here, p0 is the fragment momentum cor-
responding to the projectile velocity. The secondary
beam of 21O was then purified by the momentum and
momentum-loss analyses and delivered to the β-ray
detected nuclear magnetic resonance (β-NMR) appa-
ratus installed downstream the beam line. The well-
established method of β-NMR4) in combination with
adiabatic fast passage technique5) was applied to mea-
sure quadrupole moment.

The obtained nuclear quadrupole resonance (NQR)
spectra are shown on Fig. 1. It consists of the two se-
ries of measurements. The black circles represent the
measurement with ±44 kHz modulation of quadrupole
coupling constant νQ = eqQ/h, where q, Q and h de-
note the electric field gradient of the stopper material,
the Q-moment and the Planck’s constant, respectively.
The spectra are plotted with AβP values measured as
a function of deviation from the peak frequency νpeakQ ,
where AβP is the β-decay asymmetry parameter, and
P the 21O nuclear spin polarization. A resonant peak
formed by the β rays emitted from 21O stopped at the
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Fig. 1. β-NQR spectra of 21O in TiO2 single crystal. The
figure shows the results of two series of measurements
with νQ modulation of ±44 kHz (black circles) and
±17 kHz (red circles) are shown.

substitution site of TiO2 is clearly identified in Fig. 1.
Due to the improvement in polarization detection, the
signal-to-noise ratio was greatly increased and a less
pronounced additional NQR effect was detected at a
lower Q-moment region.

In order to investigate this minor peak in more
detail, a measurement with narrower scan width of
±17 kHz was conducted. The result of this measure-
ment is represented on Fig. 1 by the red solid cir-
cles. The centroid position of the small peak is consis-
tent with the previous nuclear quadrupole resonance
(NQR) measurement of 21O at RIPS in 2016.3) The
origin of the additional lower-amplitude peak is un-
der analysis. In overall, the two NQR measurements
confirmed the existence of a major peak at higher Q-
moment region that could not be detected in 2016 due
to several experimental limitations. The Q-moment
value of 21O can be then firmly assigned based on the
obtained results. The uncertainty assignment based
on the peak shape analysis and the discussion of the
results in terms of 21O nuclear structure are work-in-
progress.
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Investigations of magnetic moments in Coulomb fission
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Magnetic moments present an important tool to
study the single-particle character of excited states.
They are directly related to the g factor and provide a
crucial test for the wave functions of particular states
predicted by theoretical models. One experimental re-
quirement for the measurement of g factors is the spin
alignment of the nuclear ensemble that is obtained in
the reaction populating a nucleus of interest. In this
experiment, Coulomb fission is used to produce the nu-
clear alignment, and the magnetic moments of isomeric
states are investigated.

The region around the doubly magic 132Sn has been
of prime interest in the past decades owing to its im-
portance from the perspectives of astrophysics and
nuclear structure. The investigation of nuclei with
few valence particles is interesting because several iso-
meric structures emerge in them. For example, the
three-proton-hole Z = 47 isotopes 124, 125Ag have iso-
mers based on the unique parity orbitals π(0g9/2) and
ν(0h11/2).1)

The experiment is performed at the RIBF using the
BigRIPS spectrometer. A primary 238U beam at an
energy of 345 MeV/nucleon impinged on a thin 184W
production target with an average beam intensity of
approximately 100 particle nA. The momentum distri-
bution is selected with slits at the F1 focal plane. The
nuclei of interest are separated and identified using the
BigRIPS separator.2) The secondary ions are stopped
in a 3-mm-thick Cu host at the F8 focal point. The de-
tection setup consisted of four high-purity Ge (HPGe)
and two LaBr3(Ce) detectors, arranged with each de-
tector type at 90◦ with respect to each other. To mea-
sure the magnetic moments, the TDPAD method is
used; it has been applied successfully at the RIBF.3–5)

In the experiment, approximately 5·106 ions of 124Ag
and approximately 3·106 ions of 125Ag are identified in
each of the experimental settings. The particle identi-
fication (PID) of these secondary ions is achieved after
the identification and tracking detectors are fully cal-
ibrated offline. The spectroscopy could be performed
after calibration and various corrections of the γ-ray
detectors in energy and time. Figure 1 shows the de-
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Fig. 1. Delayed HPGe energy spectrum for the 125Ag ions.
Background transitions are labelled with “#.” The inset
shows the time-resolution spectrum of one detector for
a source and in-beam measurement.

layed γ-ray energy spectrum of all Ge detectors with
a PID gate for the 125Ag ions. All transitions below
the known (17/2−) isomer can be identified. For the
TDPAD analysis, a good in-beam time resolution is es-
sential. The setup is optimized using 60Co and 152Eu
sources, with a typical resolution of 8(1) ns (FWHM)
achieved by the detectors in the range of interest. This
corresponds to a resolution of 12(1) ns in-beam for
the same detector, e.g., for the 670 keV transition in
125Ag. As an example, the inset of Fig. 1 shows the
time-resolution spectrum for one of the HPGe detec-
tors, demonstrating the capabilities of this setup. The
analysis of the magnetic moment from the oscillation
pattern is currently in progress. Therefore, it is nec-
essary to have spin alignment, which will be shown by
measuring the magnetic moment of a known calibra-
tion case.
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