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RIBF190: Exploring collectivity beyond 78Ni

F. Browne∗1 and V. Werner∗2 for the RIBF 190 Collaboration

Recently, it has been indicated that the doubly
magic 78Ni has competing low-lying spherical and
prolate-deformed states.1) In its north-east quadrant,
measurements of E(2+1 ) and E(4+1 ) of the N = 52, 54
Zn isotopes show deformation of ground-states be-
comes prominent beyond N = 50.2) Shell model3,4)
and interacting boson model calculations5) that repro-
duce the available spectroscopic information of N > 50
Se and Ge isotopes predict them as transitioning from
their N = 50 sphericity to collective structures. In the
case of the Ge isotopes this takes the form of soft and
rigid triaxiality, while the Se isotopes start to exhibit
prolate-oblate shape coexistence. Initial spectroscopy
seems to agree with the models that predict these in-
teresting features.6,7) In addition to the quadrupole de-
grees of freedom, octupole collectivity may be expected
to be enhanced in the neutron-rich Ge/Se region due to
their proximity to the “doubly octupole magic” num-
bers, N = 56 and Z = 34

An experiment was performed over 4 days with
three BigRIPS settings to extract the reduced tran-
sition probabilities of low-lying states in 84, 86Ge and
86, 88, 90Se in order to clarify the quadrupole and oc-
tupole collectivity of the region. Exotic nuclei were
produced from the in-flight fission of a 238U beam
which was accelerated to 345 MeV/nucleon. Follow-
ing fission, the isotopes of interest were selected in the
first stage of BigRIPS using the Bρ-∆E-Bρ technique
and identified with the second stage using their Bρ,
∆E, and time-of-flight (TOF) values. The BigRIPS
particle-identification plots for the three settings of
the experiment are shown in Fig. 1. Secondary tar-
gets of Be (3.8-mm-thick) and Bi (1.1 mm-thick) were
situated at the F8 focal plane to induce nuclear and
Coulomb excitations, respectively. Gamma rays emit-
ted from excited states were detected with the HiCARI
array8) which surrounded F8. The trajectory of in-
coming and outgoing ions with respect to the target
was measured with PPACs. Following the reaction
targets, ions were transported through the ZeroDegree
spectrometer where they were identified, again using
their Bρ, ∆E, and TOF values. Finally, the ions were
stopped in a gas cell and their masses recorded using
a MR-TOF setup.

While off-line data analysis is yet to begin, the on-
line γ-ray spectra show clearly that the main objectives
of the experiment are attainable. In addition to the
Coulomb excitation to the 2+1 states being observed in
all objective nuclei, some nuclei show 2+2 excitations
on the heavy target.
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Fig. 1. On-line particle identification plots for the three
BigRIPS settings employed during the experiment. La-
bels refer to the identified ions below them.
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Neutron intruder states and collectivity beyond N = 50 towards 78Ni

F. Flavigny,∗1 M. Górska,∗2 and Zs. Podolyák∗3 for the RIBF196 and HiCARI Collaborations

The recent spectroscopy of 78Ni,1) together with
the identification of shape coexistence just below the
N = 50 shell closure for 80Ge2) and 79Zn,3) in-
dicates that deformed intruder configurations could
play a crucial role in low-energy structure proper-
ties in this region and towards the limits of the nu-
clear chart. Such configurations are predicted to orig-
inate from multiparticle-multihole excitations4) above
the N = 50 and Z = 28 shell gaps pushed down in
energy due to neutron-proton correlations, which en-
hance quadrupole collectivity. Quantifying how col-
lectivity develops near 78Ni is crucial because it in-
fluences binding energies and the drip-line location5)

with consequences for nucleosynthesis calculations re-
lying on these inputs. Because these states involve
many-particle excitations, their theoretical description
is challenging, and identifying them experimentally is,
thus, of prime interest to constrain models. So far,
very few experimental indications of these configura-
tions have been obtained in 80Ge and 79Zn, but no di-
rect evidence of these configurations exist for N = 50
or above in more exotic species.

During the RIBF196 experiment in November 2020,
we sought to identify and characterize for the first time
such 2p-1h intruder states in 83Ge and 81Zn which are
the last two odd-even N = 51 isotones above 79Ni. To
do so, we used neutron knockout from 84Ge and 82Zn,
both having two neutrons in the s1/2d5/2 valence space
above N = 50. This direct reaction allows the removal
of one of the neutrons from the quasi-full g9/2 orbital
below N = 50 to selectively populate 9/2+ intruder
states based on a ν(g9/2)

−1(s1/2d5/2)
+2 configuration

and extract their spectroscopic factors.
In addition, the first spectroscopy of low-lying lev-

els in 82, 84Zn6) recently indicated that magicity was
strictly confined to N = 50 in 80Zn with the onset of
deformation developing towards heavier Zn isotopes.
To reproduce these findings, it was demonstrated that
state-of-the-art shell model calculations needed to in-
clude sufficient valence orbitals above N = 50 (full
gds valence space) and to allow the breaking of the
78Ni core. Simultaneously to the study of the intruder
states mentioned above, these low-lying states in 82Zn
were populated using proton removal from 83Ga, and
their lifetimes will be studied by line-shape analysis.

To reach these scientific goals, we performed an ex-
periment in which a primary beam of 238U with a mean
intensity of 60 particle nA at 345 MeV/nucleon col-
lided with a 4-mm thick 9Be primary target at the
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Fig. 1. Preliminary particle identification of the secondary
beam in BigRIPS. Black, red and purple ellipsoids indi-
cate 84Ge, 83Ga, 82Zn respectively, see text for details.

object point of the BigRIPS separator. The secondary
beam was purified using Al degraders at the F1 and
F5 dispersive planes (8- and 2-mm thick). The sec-
ondary cocktail beam containing approximately 61%,
7.4% and 0.2% of 84Ge,83Ga and 82Zn, respectively, at
averaged rates of approximately 6100, 740, and 20 s−1

impinged for 2.5 days on a 6-mm-thick 9Be target at
253, 248, and 242 MeV/nucleon. Event-by-event iden-
tification of projectiles and reaction residues in terms
of the atomic number (Z) and mass-to-charge ratio
(A/Q) was achieved using the TOF-Bρ-∆E method
in both the BigRIPS and ZeroDegree spectrometers.
A preliminary particle identification plot in BigRIPS
without higher-order optical corrections is shown in
Fig. 1. De-excitation γ-rays of the neutron and proton
knockout residues 83Ge,82Zn and 81Zn were detected
using the HiCARI germanium array (described sepa-
rately7)) surrounding the secondary reaction target. A
0.5-mm-thick lead shield was placed around the beam
pipe surrounding the target to reduce the rate of low-
energy atomic background in the detectors. Known
and unknown transitions in 83Ge were clearly identi-
fied online. The statistics obtained in this neutron-
knockout channel will allow clear identification of the
states populated and their possible intruder character
after careful analysis of the feeding pattern.
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