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The DIAMANT light-charged-particle detector from ATOMKI was coupled with the AFRODITE
gamma-ray spectrometer at iThemba LABS in a collaboration enabled by a bilateral agreement be-
tween the governments of South Africa and Hungary. This facilitated the study of incomplete fusion
reactions in the bombardment of a Ytterbium-176 target with a beam of 50 MeV Lithium-7 ions. The
beam was generated as a collaborative effort between ion source experts at iThemba LABS and the
Flerov Laboratory for Nuclear Reactions (FLNR) of the Joint Institute for Nuclear Reactions (JINR),
Dubna.

Particle-Identification (PID) spectra from DIAMANT generated from the ATOMKI custom-built VXI
electronics clearly show the detection of protons, tritons and alpha particles, which, when gated
on, allowed the selection of gamma-ray coincidences detected with AFRODITE when the respective
complementary Helium-6, Helium-4 (α) and triton fragments fused with the target.

Analysis of the charged-particle-selected gamma-ray coincidence data enabled the identification of
Hafnium-180 in the proton-gated Eγ -Eγ correlation matrix, as well as Hafnium-178, including the
band based on the T1/2 = 31a, Kπ = 16+ four-quasiparticle state. Hafnium-178 is also evident in
the triton-gated matrix, which suggests that this nucleus is populated via two incomplete fusion
channels, this one in which the fused fragment is Helium-4, and the other in which a Helium-6
neutron-rich fragment fuses with the Ytterbium-176 target.

The relative contribution from the (7Li,p4n) fusion evaporation channel is unclear, but there is other
evidence for Helium-6-induced reactions in the population of neutron-rich Ytterbium-178 whereby
two neutrons have been transferred to the target. The ground-state band of Ytterbium-178 can be
clearly observed in both the proton-gated and alpha-gated matrices, which supports the assignment
of the 176Yb(7Li,αp)178Yb reaction. The deuteron yield is comparatively weak which has hampered
the unambiguous confirmation of the 176Yb(7Li, αd)177Yb reaction.

The comparatively strong population of Hafnium-178 via the two reaction channels discussed above
has allowed the population ratio Iγ(proton-gated)/ Iγ(triton-gated) of the ground-state, two-quasiparticle
Kπ = 8− and four-quasiparticle Kπ = 14− and Kπ = 16+ bands to be extracted as function of spin .
There is evidence for a marked increase in relative population of the Kπ = 16+ band when compared
to the other lower-spin band structures.

Notes:
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In the framework of the semi-empirical quark model of nuclear structure that is based on the quark
model of the nucleon, the Strongly Correlated Quark Model (SCQM) [1] we construct nuclei from
light to heavy ones, including halo nuclei. Nucleons inside nuclei are bound due to junctions of SU(3)
color fields of quarks [1]. According to SCQM, arrangement of nucleons within nuclei reveals the
emergence of the face-centered cubic (FCC) symmetry [2]. The model of nuclear structure becomes
isomorphic to the shell model and, moreover, composes the features of cluster models. Binding of
nucleons in stable nuclei are provided by quark loops which form three and four nucleon correla-
tions. Three nucleon correlations are responsible for the structure of “halo” nuclei. Quark loops
leading to four-nucleon correlations are responsible for binding energy enhancement in even-even
nuclei. In turn, four-nucleon correlations can be considered as virtual alpha-clusters. In this way all
inner closure shells are rearranged into the face-centered cubic lattice with alternating spin-isospin
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layers. For medium and heavy nuclei the arrangement of nucleons in alternating spin-isospin layers
is modified by Coulomb repulsion of protons. This effect together with quark/nucleon correlations
leads to deviation from the shell model expectations. The model describes well quadrupole moments
of nuclei, although, deformation of nuclei is much more complicated. Moreover, it shows that neu-
tron and correspondingly matter distributions are deform essentially larger. The model can predict
the boundary of the maximal numbers of proton and neutron excess, i.e. proton and neutron drip
lines.
.
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When attempting to extract resonance parameters from the energy-dependent cross-section data,
one must fit the data at scattering (real) energies -physical sheet of the Riemann surface- after-
wards then perform an analytic continuation to the unphysical sheet where the resonances are lo-
cated.

When we are dealing with a multi-channel problem that consists of charged particles, the corre-
sponding Riemann surface becomes complicated, i.e. having intricate interconnected sheets. This is
due to the square-root and logarithmic branching points at the threshold energy. By using the Jost
matrix approach, we can isolate the problematic factors that are responsible for branching, therefore
making it easier to explore all the sheets of the Riemann surface. In this way we can accurately lo-
cate the resonance parameters. In this approach, the resonance parameters are obtained as zeros of
the Jost function (matrix) on the unphysical sheet.

We used the R-matrix and Jost matrix approach to determine the two-channel 0+resonance state
of Boron-8. The R-matrix predicted a single state, while the Jost approach predicted the existence
of two nearly overlapping states (one of which matches with the R-matrix result). We believe that
the reason why the R-matrix did not pick up the second state is that it has a simplified analytic
structure. This is based on the knowledge that it estimates the resonance parameters using only of
the real energies, which is not enough to capture the intricate interconnected sheets of the Riemann
surface.

In practice, we recommend using the R-matrix to parameterize the data (since it requires fewer
parameters), then use the Jost approach to do analytic continuation to the unphysical sheet to deter-
mine resonance parameters. By combining these two approaches, it will be able to obtain accurate
results.

Notes:
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