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Study of the N = 32 and N = 34 shell gap for Ti and V
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mass measurements at BigRIPS-SLOWRI†
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Masses of neutron-rich isotopes with N ≥ 32 between
Ca and Ni have recently been studied intensely as valu-
able probes of the complex nuclear structure. For Ca
isotopes, a pronounced reduction of tensor-interaction
effects1) due to the decrease of proton valence parti-
cles occupying the πf7/2 orbits has been confirmed by
the discovery of two new magic neutron numbers, i.e.,
N = 32 and N = 34. In the Ti isotope chain, a shell
gap at N = 32 had been confirmed, and the collective
behavior due to a νg9/2 level intrusion was found in the

region close to N = 40 in several studies.2–4) As for the
N = 34 shell gap, previous mass measurements have
suggested the existence of a pronounced shell gap with
moderate uncertainties.5,6) However, a new study has
revealed the vanishing of the magicity.
The experiment was performed at RIKEN RI Beam

Factory (RIBF), which is operated by an international
collaboration team primarily from RIKEN Nishina
Center and KEK Wako Nuclear Science Center. Ra-
dioactive isotopes (RIs) have been produced by the frag-
mentation of a 345 MeV/nucleon Zn beam with a Be
target and delivered to the ZD MRTOF system7) for
the first time as part of the SLOWRI project. The new
setup has been located downstream of the ZeroDegree
spectrometer following the BigRIPS separator.
During the first commission, the masses of 15

neutron-rich nuclei have been measured with high pre-
cision and accuracy. Among the results, the mass pre-
cisions of 55Sc, 56, 58Ti, and 56–59V have been signifi-
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cantly improved to the order of 10 keV or below. The
newly determined masses of 58Ti and 59V were found
to deviate from previously measured values, where—
especially for 58Ti—an increased binding energy has
been measured. Figure 1 shows the newly determined
two-neutron shell gap of N = 34 isotones (red line) de-
duced directly from masses. Literature values suggested
an enhancement of the gap with Ti and V, whereas
there is no gap found in this study, indicating that the
N = 34 shell gap is a unique feature of Ca.
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Fig. 1. Two-neutron shell gaps for N = 34 isotones includ-

ing the new mass data. Data are from AME2020 with

recent measurements (black open circles) and our exper-

imental values (partly filled red circles).

In order to understand the observed results, we per-
formed new Monte Carlo shell model calculations using
the A3DA-m Hamiltonian8) and compared the results
with conventional shell model calculations, which ex-
clude the higher (νg9/2, νd5/2) orbits. The comparison
indicates that the reduction of the shell gap in Ti is
related to partial occupation of the higher orbitals for
the outer two valence neutrons at N = 34.
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