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Extending the reach of the mass spectrometer
SHIPTRAP towards superheavy elements
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The ultimate boundary of existence of chemical elements remains an open question. The heaviest elements
known to date, called Superheavy Elements (SHEs, with Z > 103), owe their existence to the stabilizing
effect of nuclear shells, which counteracts the strong Coulomb repulsion that would otherwise cause their
immediate fission. The SHIPTRAP mass spectrometer, placed behind the SHIP separator at GSI (Darmstadt,
Germany), has been used to measure the masses of several isotopes of elements up to dubnium and, through
these, to study the evolution of the shell gaps in the region around Z = 100 and N = 152. Thanks to mass
resolving powers of over 107 it was also possible to resolve and to characterize several low-lying long-lived
isomeric states. Lighter nuclides were studied as well, allowing, for example, the identification of a predicted
isomer in californium-241 and the study of the alpha-decay chains stemming from francium-206 and 204,
where some previously uncertain isomeric excitation energies have been determined.

The shell-structure investigations of the heaviest nuclides can be complemented by mass measurements of
long-lived actinide isotopes. Recently, uranium and plutonium isotopes obtained by laser ablation from drop-
on-demand targets have been studied. These measurements included a detailed study of systematic uncer-
tainties in mass measurements for cases with large mass-to-charge ratio differences to the closest suitable
reference ion. These problems could be circumvented if the actinide ions were available as doubly charged
atomic ions. In that case, stable isotopes from tin or cesium, whose masses are well known, could be used as
references.

In this contribution, the latest mass measurements obtained at SHIPTRAP will be presented. In addition, the
long-term efficiency of the setup will be addressed. This is fundamental for the study of even heavier nuclei,
produced with lowest rates. Furthermore, the development of a compact gas cell to extract doubly-charged
actinides (emitted from a radioactive recoil source placed inside the active gas volume) will be introduced.
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