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 Precision mass measurements of indium isotopes allow conclusions on the
 mass of the atomic nucleus of tin-100
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Physicists call the atomic nucleus of tin-100 doubly magic because it simultaneously has two shell
closures. Nevertheless, it is very difficult to measure its mass. An international group of scientists at the
European research centre CERN (Conseil Européen pour la Recherche Nucléaire) including physicists from
Greifswald has now succeeded in measuring the precise masses of the indium isotopes 99In, 100In and
101In, thus making it possible to draw conclusions for the mass value of tin-100. The results are published
in Nature Physics (DOI: 10.1038/s41567-021-01326-9).

Similar to electrons in atomic shells, the building blocks of the atomic nuclei, protons and neutrons, quantum
mechanically group together in nuclear shells. Full shells correspond to particularly high binding energies and
stabilities. Thus, the shell closure numbers 8, 20, 28, 50, 82 and 126 are called “magic” numbers. The doubly-magic
nuclei are particularly interesting. For these nuclei, both the proton number Z and the neutron number N indicate shell
closures. And, among those doubly-magic nuclei, the nucleus of the tin isotope 100Sn is the most prominent: It is the
heaviest nucleus for isotopes that have the same Z and N values, Z = N = 50. But so far, a direct experimental
determination of its mass has not been possible. This is due to the difficulties in the production of 100Sn as well as in its
short half-life of just about a second.

Directly adjacent to the doubly-magic 100Sn, we find the nuclei of the element indium, which have one proton less than
the tin nuclei. It was now possible to perform precision mass measurements of the indium isotopes 99In, 100In and
101In with the ISOLTRAP setup at CERN. This was the first direct mass measurement for indium-99; the accuracy of the
indium-100 and indium-101 mass values have been improved significantly.

The Multi-Reflection Time-of Flight (MR-ToF) component of ISOLTRAP, a contribution from Greifswald, was employed
for the mass measurement of 99In. This part of the ISOLTRAP setup also serves as mass separator when it comes to the
preparation of ions of other isotopes for measurements with the Penning traps, which provide even higher resolution
and more accurate results: This combination of MR-ToF mass separation and Penning-trap mass measurements was
employed for determining 100In and 101In.

The measurement of 100In is the most significant for determining the mass of the doubly-magic tin nucleus 100Sn.
‘Using the measured mass value of the indium-100 nucleus, together with the energy that is released in the beta decay
from 100Sn into 100In, we can now infer the mass of the tin-100 nucleus. Furthermore, due to the high accuracy of our
measurement, we have been able to resolve an inconsistency between 100Sn mass values that were found in the latest
beta-decay studies,’ comments Frank Wienholtz a former doctoral candidate at Greifswald, who now works at TU
Darmstadt (www.tu-darmstadt.de/index.en.jsp). ‘The comparison of calculated values from a theory collaboration with
Prof. Schwenk in Darmstadt with the systematic inspection of the binding energies of neighbouring nuclei has resulted
in clear-cut conclusions about the doubly-magic 100Sn nucleus,’ adds Prof. Dr. Lutz Schweikhard from the Institute of
Physics at the University of Greifswald.
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Contact for the Theoretical Investigations
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