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            Abstract
The shell structure of atomic nuclei is associated with ‘magic numbers’ and originates in the nearly independent motion of neutrons and protons in a mean potential generated by all nucleons. During β+-decay, a proton transforms into a neutron in a previously not fully occupied orbital, emitting a positron–neutrino pair with either parallel or antiparallel spins, in a Gamow–Teller or Fermi transition, respectively. The transition probability, or strength, of a Gamow–Teller transition depends sensitively on the underlying shell structure and is usually distributed among many states in the neighbouring nucleus. Here we report measurements of the half-life and decay energy for the decay of 100Sn, the heaviest doubly magic nucleus with equal numbers of protons and neutrons. In the β-decay of 100Sn, a large fraction of the strength is observable because of the large decay energy. We determine the largest Gamow–Teller strength so far measured in allowed nuclear β-decay, establishing the ‘superallowed’ nature of this Gamow–Teller transition. The large strength and the low-energy states in the daughter nucleus, 100In, are well reproduced by modern, large-scale shell model calculations.
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                        Particle identification plot.
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Figure 2: 
                        Time distribution of first decay events.
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Figure 3: 
                        Spectrum of γ-radiation.
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Figure 4: 
                        Tentative level scheme of 
                        100
                        In.
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Figure 5: 
                        Distribution of the positron energies emitted in the β-decay of 
                        100
                        Sn.
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Figure 6: 
                        Log(
                        ft
                        ) values of allowed nuclear β-decays.
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Double-magic tin passes beta test
Gamow–Teller (GT) transitions are an important feature of radioactive beta decay, which is relevant to many astrophysical processes. Yet the strength of GT transitions is difficult to determine experimentally, because beta-decay studies can generally observe only a fraction of the total GT strength. Theory suggests that the GT transition in the short-lived 'doubly magic' tin isotope 100Sn is likely to be unusually accessible to study. (In a doubly magic nucleus, both the proton and neutron shells are full and therefore relatively stable.) Christoph Hinke and colleagues now report measurements of this exotic nucleus in a milestone experiment in which 259 100Sn nuclei were produced, a factor of ten more than observed in any previous experiment. The half-life is 1.16 ± 0.20 seconds, and the GT strength is the largest yet measured in nuclear beta decay, confirming this as a 'superallowed' transition. The work establishes 100Sn as a model for nuclear-shell-structure calculations and is relevant to the understanding of nuclear processes in stellar explosions and for studying neutrino properties.
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