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ABSTRACT

Study on collectivity evolution in neutron-rich Se isotopes

Sidong Chen (Particle Physics and Nuclear Physics)
Directed by Yanlin Ye (PKU) and Pieter Doornenbal (RIKEN), Hiroyoshi Sakurai (RIKEN)

ABSTRACT

Magic numbers, corresponding to shell closure in the shell model, are of special impor-
tance for nuclear studies. The traditional magic numbers (2, 8, 20, 28, 50...) were obtained
from studies of nuclei at the valley of stability. In a long time, they were believed to be consis-
tent across the whole nuclear chart. Recently, the development of radioactive isotope beams
opens the possibility to perform experiments with nuclei far from stability line. With the new
results of unstable nuclei, both experimental and theoretical studies show that shell structures
may change in exotic nuclei. For example, traditional magic numbers N = 8; 20 were found to
lose their magicity in the neutron-rich region, while new maigc numbers N = 16; 34 appear.
Investigating shell evolution in unstable nuclei and understanding the mechanism underlying
are among main topics in nuclear physics.

Although shell model described well the properties around double magic nuclei, the
nuclei away from magic numbers were found to have strong collective pattern, which cannot
be explained by shell model. Thus collective models were developed to explain excitations of
these nuclei. In general, when moving from closed-shell to open-shell nuclei, the equilibrium
shape of ground state evolves smoothly from spherical to deformed shapes, accompany with
the gradual onset of collectivity. However, rapid onset of deformation when increasing only a
few nucleons can occur in some region of nuclear chart with specific combinations of proton
and neutron numbers. This phenomenon usually comes together with shape coexistence in
low-lying states. Discovering and understanding these phenomena are challenging to both
experiments and theories.

In the nuclear chart, very rich shell evolution and collectivity onset phenomena have been
found in the neutron-rich region around N = 60. For example, the N = 56 sub-shell closure
was observed in ®®Zr, but not in the adjacent even-even isotopic chain heavier or lighter than
Zr. Previous experimental result indicated that N = 56 sub-shell closure may also exist in Se
isotopes, but none structure information was known for ®Se. On the other hand, the sudden
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onset of deformation in Zr and Sr at N = 60 is one of the most drastic transition phenomena
across the nuclear chart. In contrast, the Kr isotopes exhibit smooth onset of deformation at
N = 60. To acquire complete knowledge in these region, it is desired to study the behavior of
lighter isotopic chain, i.e., Se isotopes around N = 60. However, limited by the experimental
technique, the known excitation energies of Se was only up to N = 52, which was still far
away from the rapid onset N = 60 region. Therefore, we performed experiment to measure
the low-lying excitation energies of 8:90929%Se_The low-lying excitation energies of even-even
nuclei were believed to be good quantities to study shell evolution and collectivity onset. The
27 excitation state energies could probe the location of shell closure robustly, while combining
with the Ry ; ratio, they reflected well the collectivity pattern of nuclei.

The experiment was performed at the RIBF facility of RIKEN Nishina Center. Radioac-
tive isotope beams were produced by in-flight fisson of 23U primary beam on a 3-mm-thick
°Be target. The secondary beam containing neutron-rich Br and Se isotopes impinged on the
100-mm-thick liquid hydrogen target of the MINOS device. Projectiles and reaction residues
were identified event-by-event base on the TOF-B - E measurement by BigRIPS separator
and ZeroDegree spectrometer, respectively. The 8.909294Ge jsotopes in excited states were
populated via knock-out reactions like ,p; 2p”, ,p; pn”. The reaction vertex in the secondary
target was reconstructed by the MINOS TPC detector via measuring proton trajectories. The
deexcitation -rays were detected by the DALI2 array, which consisting of 186 Nal(Tl) scin-
tillators. The Doppler-corrected -ray spectra were analyzed and fitted with DALI2 responses
functions generated using Geant4 simulation code. Low-lying excitation level schemes were
established according to the observed -ray intensitiesand - coincidence analysis, while the
spin-parity assignments were deduced from the systematics and in comparison with previous

experiments of same type.

The energies of 27, 47 and 4; states were obtained successfully for 8%092945e A gradual
decreasing E, 27" was apparent, yielding no indication for sub-shell closure at N = 56 nor sharp
rise of deformationat N = 60. More interestingly, the 27 states were found at very low energies,
indicating the importance of triaxiality in the structure of Se isotopes. The experimental results
were compared with self-consistent beyond-mean-field calculations based on the Gogny D1S
interaction, and good overall agreements were obtained. The theoretical results suggested
prolate-oblate shape coexistence in the neutron-rich Se isotopes, and shape transitions through

triaxial degree of freedom.

The present experimental work extended largely the structure information of neutron-rich
v
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Se isotopes. It is also proved that knock-out reactions using radioactive isotope beams in
combination with in-beam -ray spectroscopy technique is a powerful tool to study structure
of exotic nuclei.

KEYWORDS: even-even nuclei, in-beam -ray spectroscopy, low-lying excited states, col-

lectivity
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Horisontal 80 mrad

Vertical 100 mrad

Momentum acceptance 6 %
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89As setting %Br setting
F1 Degrader Material Al Al
F1 Degrader Thickness 6 mm 6 mm
F1 Degrader Wedge Angle 7.31 mrad 7.31 mrad
F5 Degrader Material Al Al
F5 Degrader Thickness 2mm 2mm
F5 Degrader Wedge Angle 1.6 mrad 1.6 mrad
F1 slit L:32.1mm R:64.2mm | L: 20mm R:64.2mm
F2 slit L: 3mm R: 1Imm|L: 4mm R: 6mm
F5 slit L: 120mm R: 120mm | L: 120mm R: 60mm
F7 slit L: 15mm R: 15mm | L: 15mm R: 15mm
D1 Magnetic Rigidity 7.9000 Tm 7.9000 Tm
D2 Magnetic Rigidity 7.1954Tm 7.1360 Tm
D3,D4 Magnetic Rigidity 7.1721Tm 7.1149Tm
D5,D6 Magnetic Rigidity 6.9036 Tm 6.8197 Tm
D7 Magnetic Rigidity 55910 Tm 5.2940 Tm
D8 Magnetic Rigidity 5.6050 Tm 5.2960 Tm
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Angular acceptance
Horisontal 90 mrad
Vertical 60 mrad
Momentum acceptance 6 %
Maximum magnetic rigidity 8.1Tm
Momentum dispersion -24.8mm/%
Momentum resolution 1240
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