High-Precision Penning-Trap Mass Spectrometry of Actinides at TRIGA-Trap

Tanvir Sayed !, Szilard Nagy " ¥, Klaus Blaum ', Michael Block 2>, Burcu Cakirli ',
Stanislav Chenmarev ', Christoph Diillmann 23, Dennis Renisch 2-3

'Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany
2Helmholtz-Institut Mainz, 55128 Mainz, Germany
3Department Chemie - Standort TRIGA, Johannes Gutenberg-Universitit Mainz, 55128 Mainz, Germany
4GSI Helmholtzzentrum fiir Schwerionenforschung, 64291 Darmstadt, Germany

tcorresponding author’s email: szilard.nagy @mpi-hd.mpg.de

Penning traps are widely used in high-precision mass spectrometry to determine atomic masses with exceptional
precision and accuracy, playing a crucial role in atomic and nuclear physics research [1]. TRIGA-Trap is a high-
precision, double penning-trap mass spectrometer located in the reactor hall of the TRIGA (Training, Research,
Isotopes, General Atomic) research reactor in Mainz, Germany [2]. It also serves as one of the development platforms
for the planned MATS (Measurements of very short-lived nuclides using an Advanced Trapping System) experiment at
FAIR (Facility for Antiproton and Ion Research) which aims to investigate nuclei far from stability in order to enhance
our knowledge on their fundamental nuclear properties and interactions [3, 4]. While the construction of FAIR is still
underway, development platforms such as TRIGA-Trap conduct studies to optimise future experiments and test new
emerging ideas.

At TRIGA-Trap, mass measurements of radioactive nuclides — particularly actinides — are performed with the PI-
ICR (Phase-Imaging Ion-Cyclotron Resonance) technique. This method offers high sensitivity, resolving power and
accuracy, while requiring relatively short measurement times [2]. Recent mass measurements of actinides, including
244py, 24 Am, ¥ Am, 2*Cm, and **’Cf have achieved uncertainties at the parts-per-billion (ppb) level [5]. Currently,
mass measurements in the Pu isotopic chain — including 23®Pu, 23°Pu, 24°Pu, and ?*’Pu — are planned and in progress.
These nuclides are in the vicinity of the neutron number N = 152, a region associated with a deformed sub-shell
closure. The precise mass measurements allow the exploration of nuclear structure through trends in mass filters, such
as S»,, (two-neutron separation energies) and 6V, ,, (average p-n interaction of the most loosely-bound two nucleons),
as well as their differentials [5].

This presentation will provide an overview of the current status of the experiment, including recent mass mea-
surements, their application in nuclear structure evaluation, and the investigations into systematic uncertainties that
contribute to accurate mass determinations.

References

[1] J. Dilling, K. Blaum, M. Brodeur et al, Annu. Rev. Nucl. Part. Sci. 68(1) (2018).

[2] S. Chenmarev, S. Nagy, J.J.W. van de Laar et al, Eur. Phys. J. A 59(2), 29 (2023).

[3] D. Rodriguez, K. Blaum, W. Nortershiuser et al, Eur. Phys. J. Spec. Top. 183(1), 1-123 (2010).
[4] G. Rosner, Nucl. Phys. B Proc. Suppl. 167, 77-81 (2007).

[5] S. Chenmarev, K. Blaum, M. Block et al, Eur. Phys. J. A 60, 204 (2024).


mailto:Szilard.Nagy@mpi-hd.mpg.de

