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Invited Talk MS 4.1 Thu 11:00 F128
Observation of the radiative decay of the thorium-229 nu-
clear clock isomer — eSANDRO KRAEMER for the ISOLDE-IS658-

Collaboration — Instituut voor Kern- en Stralingsfysica, KU Leuven,
Belgium — Fakultét f. Physik, LMU Miinchen, Germany

A unique feature of thorium-229 is its isomeric first excited state with
an exceptionally low excitation energy, proposed as a candidate for fu-
ture nuclear optical clocks. The development of such an optical clock
requires, however, knowledge of the excitation energy by at least an
order of magnitude more precise. Additionally, spectroscopic experi-
ments searching for a direct signature of the radiative decay have so
far been unsuccessful.

In this work, an alternative approach using the beta decay of
actinium-229 is studied as a novel method to populate the isomer with
high efficiency and in low background conditions. Produced online at
the ISOLDE facility at CERN, actinium is laser-ionized and implanted
into a large-bandgap crystal.

A vacuum-ultraviolet spectroscopic study of implanted mass 229
beams at the ISOLDE facility will be presented. From the results
obtained during a first measuring campaign it can be concluded that
the radiative decay of the thorium-229 isomer has been observed for
the first time, the excitation energy of the isomer has been determined
with a factor of 5 improved uncertainty and the ionic lifetime in a
crystalline environment was constrained.

Invited Talk MS 4.2 Thu 11:30 F128
Mass measurements of heavy and superheavy nuclides and
isomers with SHIPTRAP — eManuvueL J. GuUTIERREz for the
SHIPTRAP-Collaboration — GSI Darmstadt, Germany — HIM
Mainz, Germany

The existence of superheavy elements is due to quantum shell effects,
which stabilize them against spontaneous fission. Several theoretical
models exist to describe these very complex nuclear systems. By pro-
viding nuclear binding energies, direct mass measurements can bench-
mark these models.

The Penning-trap mass spectrometer SHIPTRAP is devoted to per-
forming mass measurements of heavy and superheavy nuclei produced
via fusion-evaporation reactions with minute yields. Mass resolving
powers in the 107 range, which are achieved with the Phase-Imaging
Ton-Cyclotron-Resonance technique, enable the study of low-lying,
long-lived isomeric states. Within the FAIR Phase-0 campaign, the
latest measurements focused on several nuclides with such isomeric
states, ranging from 241Cf to 2°8Db. Additionally, measurements were
carried out on the 296Fr-202At-198Bj chain, aiming to pin down the
absolute excitation energies of two known isomers for the first time.

In this contribution, selected results from the analysis of the 2021
beamtime data will be presented, with emphasis on the studies of iso-
meric states.

MS 4.3 Thu 12:00 F128
Resonance Chromatography —

Brock!:23, Biswasr Janal2,

Progress of the Laser
eEunkancg Kimb2, MICHAEL
SEBASTIAN RAEDER?3, HARRY RAMANANTOANINA!, ELISABETH
RickerT!23,  Erisa RoMErRo RoMmEROM23, and MUSTAPHA
Laariaouth? — IDepartment Chemie, Johannes Gutenberg-
Universitat, Fritz-Strassmann Weg 2, 55128 Mainz, Germany —
22Helmholtz-Institut Mainz, Staudingerweg 18, 55128 Mainz, Ger-
many — 33GSI, Planckstrafe 1, 64291 Darmstadt, Germany

Optical spectroscopy of superheavy elements is experimentally chal-
lenging as their production yields are low, half-lives are very short,
and their atomic structure is barely known. Conventional spectroscopy
techniques such as fluorescence spectroscopy are no longer suitable
since they lack the sensitivity required in the superheavy element re-
search. A new technique called Laser Resonance Chromatography
(LRC) could provide sufficient sensitivity to study superheavy ions
and overcome difficulties associated with other methods. In this con-
tribution, I will introduce the LRC technique and report the progress
and the results from the first LRC test experiments. This work is sup-
ported by the European Research Council (ERC) (Grant Agreement
No. 819957).

MS 4.4 Thu 12:15 F128

Location: F128

Status of the gas-jet apparatus for laser spectroscopy of
the heaviest elements — eMarou STEMMLER for the JetRIS-
Collaboration — Institute of Physics, Johannes Gutenberg University
Mainz, Germany

Laser spectroscopy measurements can provide information about fun-
damental properties of both atomic and nuclear structure. Such
measurements are of particular importance for the heaviest actinides
and superheavy elements, where data is sparse. In recent resonance-
ionization-spectroscopy experiments on nobelium isotopes at GSI,
Darmstadt, Germany, have been carried out with the in-gas-cell tech-
nique RADRIS [1,2]. However its limited spectral resolution hampers
the precision, and occasionally renders the precise determination of
nuclear moments and spins impossible. Furthermore, the inherent
collection and measurement cycle precludes studies of isotopes with
half-lives below =~ 1 s. To overcome these limitations, a new JetRIS
apparatus has been built to perform laser spectroscopy on atoms in a
hypersonic jet [3].

This presentation will give an update on the JetRIS apparatus and
discuss results from the 2022 beam time.

1 M. Laatiaoui, et al., Nature 538, 495-498 (2016)
2 S. Raeder, et al., Phys. Rev. Lett. 120, 232503 (2018)
3 S. Raeder, et al., Nucl. Instrum. Meth. Res. B, 463, 272-276 (2020)

MS 4.5 Thu 12:30 F128
Status of Development of MR-ToF MS for JetRIS for
laser spectroscopy of the heavy actinides at GSI/HIM —
eDANNY MiNzBERG 23, MicHAEL BrLock!2:3, ARNO CLAESSENS?,
PieT vaN DuppEN?, RAFAEL FERRER?, JEREMY LANTIS3, MUSTAPHA
LaaTiaour®, STEVEN NOTHHELFER!'23, SEBASTIAN RAEDERDZ,
MoriTz ScuralcH®?, LuTz SCHWEIKHARD®, MAaTou STEMMLERS,
TrOMAS WALTHER®, and KLaus WENDT? — 1GSI Helmholtzzentrum
fiir Schwerionenforschung, Darmstadt, DE — 2Helmholtz-Institut,
Mainz, DE — 3Department Chemie, Johannes Gutenberg-Universitét,
Mainz, DE — “Institut voor Kern- en Stralingsfysica, KU Leu-
ven, Leuven, Belgium — ®Technische Universitat Darmstadt, DE —
6Universitit Greifswald, DE

At GSI-Darmstadt we use the in gas-Jet Resonant Ionization Spec-
troscopy (JetRIS) apparatus to perform laser spectroscopy of elements
in the heavy actinide region to determine their nuclear and atomic
properties. JetRIS utilizes a-decay detection to maximize sensitivity
while minimizing the background from unwanted ions. However, for
long-lived nuclides (t1 > 10 h) a decay-based detection will not be

practical. Thus, a muiiti—reﬂection time-of-flight mass seperator (MR-
ToF MS) is being developed for the JetRIS apparatus, allowing a sep-
aration of ions according to their mass to charge ratios with a high
mass-resolving power, opening the possibility of direct ion detection.
This will allow measuring S-decaying species and long-lived isotopes.
An overview of the MR-ToF MS design and its integrations into the
system will be given. Prospects for measurements will be discussed.

MS 4.6 Thu 12:45 F128
Relativistic calculation of binding energies of highly charged
ions for precision mass spectroscopy — eZoLTAN HARMAN,
CHuNHAI Lyu, VINCENT DEBIERRE, and CHRrIisToPH H. KEITEL —
Max Planck Institute for Nuclear Physics, Heidelberg

Penning-trap mass spectrometry has recently enabled a novel deter-
mination of electron binding energies through the comparison of ionic
masses. The collaboration of experiment and our multiconfiguration
Dirac-Hartree-Fock theory has enabled the discovery of ultra-narrow
ionic transitions, suitable for constructing future atomic clocks: in the
Re 29+ ion, a long-lived electronic state with an excitation energy of
202 eV was observed via the mass difference of excited and ground-
state ions [1]. A further application of such investigations is the deter-
mination of the Q value of the beta decay of various atomic isotopes,
relevant for the determination of the neutrino mass [2]: experimentally,
the masses of Re and Os ions could be determined to high precision,
and our calculations have delivered the accurate binding energies of
the electrons missing from the neutral atoms. Finally, mass spectrom-
etry has largely contributed to a comparison of the magnetic moments
of two isotopically different neon ions, allowing to set upper bounds
on the coupling strength of new scalar bosons that might mediate a
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hypothetical interaction between electrons and nucleons [3]. — [1] R. Phys. Rev. Lett. 127, 072502 (2021); [3] T. Sailer et al., Nature 606,
X. Schiissler, et al., Nature 581, 42 (2020); [2] P. E. Filianin, et al., 479 (2022).



