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II-1. Nuclear Physics

Single-particle states in fp-shell nuclei through *°Ca(d, p)®'Ca
transfer reaction
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Neutron-rich Ca isotopes towards neutron number
N = 34 are pivotal for exploring the evolution of the
fp-shell orbitals. Beyond the N = 28 shell gap in
48Ca, new magic numbers at N = 32 and 34 were
established through spectroscopy of low-lying states
and mass measurements. Most recently, the spatial
extension of the 1f7/5 and 2p3 /5 neutron orbitals was
determined via a one-neutron knockout reaction from
52Ca.) However, the single-particle 2p; s2 and 1f5 /5 or-
bitals defining the shell gaps at N = 32,34 remain to
be established experimentally. The one-neutron trans-
fer reaction is an experimental method well-suited to
study low-spin single-particle orbitals. The cross sec-
tion of this reaction gives access to the spectroscopic
factors, while the angular distribution of the reaction
products allows for deduction of the angular momen-
tum transfer.

In December 2022, the SHARAQ12 experiment was
performed at RIKEN, aiming to study the single-
particle structure of ®'Ca via the (d,p) transfer reac-
tion using an energy-degraded secondary °°Ca beam.
The beam was produced at BigRIPS from a primary
7Zn beam at an energy of 345 MeV /nucleon frag-
mented on a Be target. For the energy degrading pro-
cedure, the 5°Ca beam was conducted to the OEDO?)
beamline, where a combination of an angle-tunable
wedge-shaped degrader and an additional aluminum
flat-plate degrader placed at FE9 successfully reduced
the beam energy to approximately 15 MeV /nucleon,
which improves the momentum matching of the reac-
tion compared to the typical beam energies at RIBF.
Particle identification based on the ToF-Bp method
showed excellent isotope separation, is shown in Fig. 1,
where the ®°Ca beam can be clearly identified. There-
fore, the use of the Radio-Frequency Deflector (RFD)

*1 Instituto de Estructura de la Materia, CSIC

*2 GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
*3  RIKEN Nishina Center

*4 Center for Nuclear Study, University of Tokyo

*5 Institute of Nuclear Physics, University of Cologne

*6  CENS Institute for Basic Science

*7 Department of Physics, Kyoto University

Department of Physics, Tohoku University

Department of Physics, Gifu University

*10 RIKEN Cluster for Pioneering Research

Research Center for Nuclear Physics, Osaka University
Department of Low and Medium Energy Physics, Jozef Ste-
fan Institute

FE9 X [mm]

P T L N
1075 _ 1080 1095 1100
ToF F3-FE9 [ns]

Fig. 1. Particle identification in OEDO with horizontal po-
sition at FE9 and corrected time-of-flight between F3
and FE9.

of OEDO was not required. The secondary target of
CDy (260 pug/cm?) was placed at the SHARAQ spec-
trometer reaction chamber with the purpose of induc-
ing one-neutron transfer reactions. The recoiling pro-
tons were measured with the detector setup TINA2,3)
consisting of a box of four TTT double-sided silicon
strip detectors backed by Csl crystals and a backward
annular YY1-type silicon strip detector array with Csl
crystals behind. The array was placed at laboratory
backward direction covering 0;,, = 95-165 deg (solid
angle 35% of 47) which is the angular range most sensi-
tive to the angular momentum transfer of the reaction.
The excitation energy of states populated will be deter-
mined from the measured missing mass of the reaction.
Heavy °!Ca ejectiles were measured by the QQD spec-
trometer equipped with a set of Strip-Readout PPAC
detectors and an ionization chamber, so background
coming from fusion reactions can be suppressed via
charge identification. The analysis of excitation ener-
gies and angular distributions is ongoing.
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