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Relatively to the atomic constituents’ counterparts, the neutron is singular as it is sensitive
to the four fundamental interactions: strong, weak, electromagnetic, and gravitational.
This multi-sensitivity makes neutron wave-matter optics a particularly versatile tool for
testing quantum mechanics [1-4], specifically and fundamental physics concepts in
general. The lifetime of a free neutron defined via its beta-decay ⟨τn⟩ is of a pivotal
importance within the standard model & cosmology.
Indeed, the precision on the neutron lifetime is of a paramount importance as it regulates
the precision of the 1st element of the Cabibbo–Kobayashi–Maskawa matrix, central to the
standard model. The two major methods used to measure ⟨τn⟩ while trapping free neutrons,
namely, the beam and the bottle methods give different neutron lifetime values; ⟨τn⟩Beam
∼ 888.0 ± 2.0 s , that obtained by the bottle technique is smaller; of about ⟨τn⟩Bottle ∼ 879.4 ±
0.6 s. In addition of the persistent difference of ∼10 s persists for years, even if the two
methods have been modified to enhance the experimental accuracy. This latter was
shown to be enhanced if one could trap cold neutrons in nanostructured Fabry-Perot
resonators.
This contribution reports on the de Broglie wave-matter quantum duality coupled to the
Fermi total reflection phenomenon in addition to the tunneling & trapping of cold neutrons
in such nano-resonating cavities. This quantum mechanics trapping driven phenomenon
allows trapping times of cold neutrons with a precision governed by the Heisenberg
uncertainty of about 10-12 s [5].
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Modern radiopharmaceuticals are actively used for diagnostics and therapy in nuclear medicine. The
concept of a modern radiopharmaceutical allows incorporating radionuclides with similar properties
to the same precursors. Radiopharmaceutical precursor and its stability play a major role in applica-
bility of such a drug. Post-decay processes, namely Auger and conversion electron emissions, may

Page 18



The 2nd International African Symposium on Exotic Nuclei IASEN2024 / Book of Abstracts

cause a change in local environment which can lead to release of the daughter from the radiophar-
maceutical and, therefore, difficulties in its application.
The present work highlights several medically relevant isotopes – 44Sc and 111In coupled with the
chelators. 44Sc (t1/2 = 4.04 h) is a radiometal with favourable decay properties for positron emission
tomography (PET) and 111In (t1/2 = 2.8 d) is already in the clinical use for diagnostics via single pho-
ton emission computed tomography (SPECT). Moreover, 111In is a well-established probe nucleus
in perturbed angular correlation of γ-γ rays (PAC), which allows for the study of hyperfine interac-
tions and, hence, is a unique technique when analysing post-decay processes in radiopharmaceutical
precursors. Also, the study demonstrates feasibility of 44mSc/44gSc radionuclide generator induced
by post-decay processes. The radionuclide generator yield was measured by γ-spectroscopy and
equals to 9.8±1.0%. This result indicates the influence of post-decay processes on the initial chelate
complexes for the elements with medium Z and significantly changes the overall trend.
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Recently the extremely neutron-rich systems 7H and 6H were studied in the direct 2H(8He,3He)7H
[1,2] and 2H(8He,4He)6H [3] transfer reactions with a 26 AMeV secondary 8He beam produced at
the fragment separator ACCULINNA-2 (FLNR, JINR)[4]. The missing mass spectra and center-of-
mass angular distributions of 7,6H, as well as the momentum distributions of the 3H fragment in the
7,6H frames, were reconstructed.

An experimental evidence is provided that two resonant states of 7H are located in its spectrum
at 2.2(5) and 5.5(3) MeV relative to the 3H+4n decay threshold. Based on the energy and angular
distributions, obtained for the studied 2H(8He,3He)7H reaction, the weakly populated 2.2 MeV peak
is ascribed to the 7H ground state (g.s.). It is quite possible that the 5.5 MeV state is the 5/2+
member of the 7H excitation 5/2+–3/2+ doublet, built on the 2+ configuration of valence neutrons.
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