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reactions

Thursday 25 September 2025 14:20 (20 minutes)

The evolution of nuclear shell structure in exotic nuclei provides key insights into the fundamental nature
of nuclear forces. In nuclei far from stability, conventional magic numbers can disappear, while new ones
may emerge, a phenomenon known as shell evolution [1]. A well-known example is the evolution of the
N=28 shell gap from *°Ca to *®Ca, which has been successfully explained by three-nucleon (3N) forces [2].
Similarly, the N=14 shell gap in oxygen isotopes shows a comparable trend [3]. These studies highlight the
crucial role of many-body interactions in shaping shell structure. To extend our understanding to heavier
nuclei, we investigate the evolution of the N=50 shell gap for which the isotopic chain of Ni would be the
perfect candidate. An experiment was carried out at GANIL to study *®Ni via (p,d) and (d,p) reactions, as this
nucleus is the anchor point to determine the amplitude of the N=50 shell gap in “®Ni, from relatively well
known neutron-neutron effective interaction from experimental data. By performing neutron-adding and
neutron-removing reactions in ®Ni, we also get a unique access to the spectroscopic strengths and thus, the
occupancy of the orbitals below and above N=40. This allows to characterize the magicity at N=40. Indeed,
depending on whether a sharp occupancy drop is observed or not, the nucleus can be concluded to have either
a magic or a superfluid nature [4]. Moreover, it is also planned to deduce the information on the 2p; /3 - 2p3/2,
1g7/2 - 189/2 and 1f5 /5 - 1f7 /5 spin-orbit splittings.

A primary beam of "°Zn was bombarded on a thick Be target to produce a secondary beam of **Ni by frag-
mentation using the LISE spectrometer. With this secondary beam, *Ni and "Ni nuclei were populated in
inverse kinematics using C D2 and C Ho as secondary targets in three separate channels: (1) °®Ni (d,p) *°Ni
@ 18 MeV/u, (2) %®Ni (d,t) °"Ni @ 18 MeV/u and, (3) %®Ni (p,d) °"Ni @ 40 MeV/u. The detector setup consisted
of two position sensitive gas detectors before target for beam tracking. The transfer-like products (°"Ni and
9Ni) are tracked by means of Drift Chambers, and are identified using Ionization chambers and Plastic Scin-
tillators which make the zero-degree detection (ZDD). The light particles produced in the forward direction
transfer reactions {(p,d) or (d,t)} are detected by 4 highly segmented Si-CsI array MUST?2 and in the backward
direction {(d,p)} by another Si detector setup MUGAST to determine the energy loss and angles. A Ge-clover
detector array EXOGAMS2 is used to detect the in-flight and the isomeric-delayed gamma rays along with one
detector at the end of the ZDD to detect the 9/2™ isomeric state populated from the **Ni (p,d) reaction.

Thanks to such a cover-it-all experimental setup and the selection of kinematics of the outgoing nuclei, the
first analysis shows promising data and statistics. The triple coincidence gamma measurements obtained by
gating at the light particles in MUST2/MUGAST, the transfer-like products in the ZDD, as well as the correlated
gammas are allowing us very precise energy determinations. As is evident, this study addresses a variety of
key features related to the understanding of nuclear forces. The analysis of (d,p) part is almost finished and
that of (p,d) has been started in parallel. Both will be presented in this contribution.
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