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Invited Talk MS 2.1 Mon 17:00 HS 3042
Measurement of the bound-state beta decay of 295T181t jons
at heavy-ion storage ring — eRuwiu Cuen', JaNn GLorius!,

Guy LeEcCkeENBY2, Yury A Lritvinov!, Maria Lucaro?, Ric-
1

CARDO MANCINO', MOHAMMAD SHAHAB SANJARI', RAGANDEEP
Sinen SipaUY, and Bavrazs Szanyi® for the E121 collaboration-
Collaboration — 'GSI, Germany — ?TRIUMF, Canada — 3University

of Szeged, Hungary — 4Konkoly Observatory, Hungary

Heavy-Ion storage rings offer unparalleled capabilities for the measure-
ment of the radioactive decay of highly charged ions. In this talk, we
report on the recent results from the first direct measurement of the
bound-state beta decay of bare 29°TI181%t jons. The experiment was
performed in March-April 2020 by employing the unique accelerator
facility at GSI. The measurement is associated with two major physics
motivations. One is linked with the LOREX project (acronym of LO-
Randite EXperiment) wherein the measurement is needed to determine
the matrix element for the pp neutrino capture by the ground state
of 295T1 to the 2.3 keV excited state in 29°Pb. This capture reaction
has by far the lowest threshold (E,, > 53 keV) and is only experiment
capable of extending the neutrino flux to lower energies. The second
physics case is associated with the 205Pb/205T1 pair as a s-process
cosmochronometer. In stellar plasmas, 295T1 can exist in ionized form
and B, decay to the first excited state of 2°°Pb can counter-balance
the reduction of 205Pb ions due to electron capture process. The mea-
surement is crucial for predicting the 20°Pb expected in meteorites in
the early solar system.

MS 2.2 Mon 17:30 HS 3042
Developments for the ion supply of the Heidelberg Cryo-
genic Storage Ring — eFELIX NuEssLEIN!, KLaUs Braum!, MAN-
FRED GRIESER!', FLoORIAN GRrussie!, Tnomas KoLLiNG?, HOLGER
KreckeL!, PREETI M Misura!, GEREON NIEDNER-SCHATTEBURG?Z,
OrpricH Novorny!, Viviane C ScumipT!, and ANDREAS WoLF!
— IMax-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany
— 2Technische Universitit Kaiserslautern, 67663 Kaiserslautern, Ger-
many

The Cryogenic Storage Ring [1] provides optimal conditions for ex-
ploring interactions of charged atoms and molecules with photons,
electrons, or neutrals in a radiatively cold environment. Its fully elec-
trostatic design enables mass-independent storage of ions with kinetic
energies up to 300 keV per elementary charge. The 300 kV ion source
platform, one of two dedicated setups for these ions, branches into
magnetic and electrostatic sections. The magnetic branch yields mass-
selected continuous beams of atomic and small molecular ions with nA
to A currents, while the electrostatic branch focuses on more com-
plex systems like clusters or biomolecules. Its ion optics can transport
pulsed and continuous ion beams from up to four stationary sources,
and its diagnostic elements are sensitive to A ion currents down to sin-
gle particles. In its initial development stage, the electrostatic branch
will host a pulsed Laser VAPorization (LVAP) ion source for cluster
ion production. We present commissioning results and the first mass
spectra from the recently commissioned LVAP ion source.
[1] R. von Hahn et al., Rev. Sci. Instrum. 87 (2016) 063115.

MS 2.3 Mon 17:45 HS 3042
First experiments with the CSR-ReMi, the Reaction Mi-
croscope inside the cryogenic ion storage-ring CSR —
oF'ELIX HERRMANN, WEIYU ZHANG, DaviD V. CHICHARRO, FLO-
RIAN TrRosT, KLAaus BLauMm, MANFRED GRIESER, FLORIAN GRUSSIE,
Horcer KRECKEL, OLDRICH NOVOTRNY, ANDREAS WOLF, ALEXAN-
DER DorN, ROBERT MosHAMMER, CrLaus DIETER SCHROTER,
and TuHomas PrEIFER — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Deutschland

The CSR-ReMi is a newly installed in-ring reaction microscope for ex-
periments with slow and cold molecular or cluster ions in the cryogenic
storage ring CSR [1]. A reaction microscope (ReMi) is a combined
electron and ion spectrometer [2, 3]. It offers multi-hit capability and
provides high detection efficiency, acceptance and resolution. With the
coincident detection of all collision fragments kinematically complete
data-sets on the reaction dynamics can be collected. The integration
of the CSR-ReMi into the CSR was finalized in July 2023 and first
commissioning experiments under cryogenic conditions were performed
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recently. Emphasis was given to electron-transfer and electron-loss re-
actions in collisions of various types of stored ions with neutral atoms
or molecules that were injected by a supersonic gas jet. Selected results
of these first experiments will be presented.

References:

[1] R. von Hahn et al., Rev. Sci. Instrum. 87, 063115 (2016)

[2] J. Ullrich et al., Rep. Prog. Phys. 66, 1463-1545 (2003)

[3] H. Schmidt-Bocking et al., Ann. d. Phys. 533, 2100134 (2021)

MS 2.4 Mon 18:00 HS 3042

Noble Gas mass spectrometry of nuclear fuel particles
from Chernobyl — eLAURA LEIFERMANN!, GREG BALcoZ,
AuTuMN RoBEerrs?, PauL HANEMANN!, ToBias WEISSENBORN',
MANUEL Rarwa2, DarRcy VAN EERTEN!, MICHAEL SavINAZ, BRETT
IsseLHARDTZ, and CLEMENS WALTHER! — 1IRS, Hannover, Deutsch-

land — 2LLNL, Livermore, USA

Noble gas mass spectrometry is generally used for determination of the
elemental and isotopic composition of He, Ne, Ar, Kr and Xe in ter-
restrial and extraterrestrial samples. Here rock samples are heated to
temperatures above 1500°C to extract the noble gases. In this work we
analyzed the fission gases of individual micrometer-sized spent nuclear
fuel particles from the Chernobyl exclusion zone. The particles were
heated up to 1200°C and the released Xe and Kr was measured by
noble gas mass spectrometry. The obtained isotope ratios give insight
into important nuclear forensic information like neutron flux and sam-
ple age. In addition to noble gas mass spectrometry the particles were
analyzed by resonant ion mass spectrometry for the particle’s actinide
isotopic composition. Furthermore, gamma spectrometry and energy-
dispersive X-ray spectroscopy (EDS) measurements were carried out
to maximize the knowledge on these 30-year-old nuclear fuel particles
form the environment.

Part of this work was performed under the auspices of the U.S. De-
partment of Energy by Lawrence Livermore National Laboratory under
Contract DE-AC52-07TNA27344. Release number: LLNL-ABS-857826

MS 2.5 Mon 18:15 HS 3042
Photofission of dianionic tin-34 clusters — ALEXANDER
Jankowski, PauL FiscHER, MoRrIiTzZ GRUNWALD-DELITZ, and eLuTz
SCHWEIKHARD — Inst. of Physics, Univ. of Greifswald, 17487 Greif-
swald

Small tin clusters (of number of atoms n below 50) are formed by
building blocks of Sn7, Snig [1-3| and, in the case of anionic clusters,
Snis [3]. This leads to corresponding fragmentation patterns [4,5] as
confirmed and further investigated [6,7] at ClusterTrap [8]. In par-
ticular, dianionic tin clusters fission into two monoanionic fragments
[7], as previously found for the case of lead clusters [9]. Now, selected
ensembles of Sngg clusters were irradiated by nanosecond laser pulses
of variable photon energies, causing photodissociation (besides elec-
tron detachment). After a variable delay time, the remaining stored
cluster ensemble is analyzed by time-of-flight mass spectrometry. The
time-resolved measurements allow for the reconstruction of the decay
pathways, confirming the competition of fission processes.

[1] C. Majumder et.al., Phys. Rev. B 64, 233405 (2001)

[2] H. Li et al., J. Phys. Chem. C 116, 231-236 (2011)

[3] A. Lechtken et al., J. Chem. Phys. 132, 211102 (2010)

[4] E. Oger et al., J. Chem. Phys. 130, 124305 (2009)

[5] A. Wiesel et al., Phys. Chem. Chem. Phys. 14, 234-245 (2012)

[6] S. Konig et. al., Fur. Phys. J. D 72, 153 (2018)

[7] M. Wolfram et.al., Eur. Phys. J. D 74, 135 (2020)

[8] F. Martinez et al., Int. J. Mass Spectrom. 266, 365-366 (2014)

[9] S. Konig et. al., Phys. Rev. Lett. 120, 163001 (2018)

MS 2.6 Mon 18:30 HS 3042

Solvation of Cun+/- in He and H2 — eOLcA LUSHCHIKOVAL,

JonanNNEs REICHEGGER!, FaBIO ZAPPA', MAcCHAEL GATCHELLZ,

MASSIMILIANO BARTOLOMEI®, Jose CAMPOs-MARTINEZ3, ToMmas
, )

GonzALEz-LEzANAS, FERNANDO PIRANI®, and PAuL ScHEIER! —
Hnstitut fiir Ionenphysik und Angewandte Physik, Universitit Inns-
bruck, Austria — 2Department of Physics, Stockholm University, Swe-

den — 3Instituto de Fisica Fundamental, IFF-CSIC, Spain

The exploration of copper’s versatility in hydrogen (H2) and helium
(He) interactions at a microscale holds promise for novel energy stor-
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age and chemical applications. This research addresses the intricate
challenges of understanding these interactions. Through mass spec-
trometry, we investigate how small copper clusters (Cun+/-, n=1-10)
solvate in He and H2. Grown within superfluid helium nanodroplets,
these clusters are exposed to room temperature He or H2, yielding
He/H2-solvated copper ions. The low temperature and high collision
rate enable the solvation of positively/negatively charged clusters in
over fifty H2/He units, analyzed via high-resolution mass spectrome-
try.

Key findings identify stable structures in Cun+-/- clusters, utilizing
helium as a probing species. In H2 settings, alongside the Cu core,
an H-Cu core has been observed within cationic clusters, displaying a
unique series of solvation with the initial layer composed of four H2
molecules. Anionic clusters, in contrast, exhibit very weak binding
to both H2 and He. These complexes became observable only due to
ultracold helium droplet conditions.

MS 2.7 Mon 18:45 HS 3042
Resonant ionization spectroscopy (RIS) of Tm-169 with a
quadrupol mass separator (QMS) setup — eJana WEYRICH3,
MicHAEL Brock!:2:3, PreMaDITYA CHHETRI'S, Tom Kieckb?2,
DANNY MUoONzBERGY23, SEBAsTIAN RAEDER!'2, and DowmINIK
Stuper!2 — Helmholtz-Institut, Mainz, DE — 2GSI Helmholtzzen-
trum fiir Schwerionenforschung, Darmstadt, DE — 3Johannes
Gutenberg-Universitat, Mainz, DE

Experimental studies on heavy and superheavy elements are an im-
portant field of research to contribute to our understanding of the
underlying nuclear structure which stabilizes these nuclei against fis-
sion. As the heaviest nuclides are radioactive and often short-lived,
they are typically only available in small quantities. Resonant ioniza-
tion spectroscopy (RIS) and subsequent mass selection proves to be a
useful technique to determine atomic and nuclear properties by prob-
ing atomic spectra. Additionally, preceding analysis of stable isotopes
or lighter homologues of the nuclide under investigation is indispens-
able to optimize and tailor the techniques for gaining insight into the

structure of the target nuclide.

Therefore, an existing setup was further developed for the investiga-
tion of elements available off-line and in macroscopic quantities using
RIS and a quadrupole mass separator (QMS). As a first result an ion-
ization scheme of thulium was developed for future studies of neutron
deficient isotopes of thulium at the GSI facility with the RADRIS tech-
nique. In this contribution the setup will be presented, together with
laser spectroscopic results and the future prospects will be discussed.

MS 2.8 Mon 19:00 HS 3042
MetroPOEM - Metrology for the harmonisation of measure-
ments of environmental pollutants in Europe — eSTEPHAN
WINKLER for the MetroPOEM-Collaboration — Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany

The European Green Deal’s commitment to achieving zero pollution
necessitates the development of highly sensitive techniques for de-
tecting minute amounts of pollutants. Fulfilling this need involves
implementing strategies outlined by two European Metrology Net-
works (EMN): Pollution Monitoring (PolMo) and Radiation Protec-
tion. These networks support the Basic Safety Standards directive.
Detecting radioactive isotopes and stable polluting elements in the en-
vironment requires analytical procedures that are not only fast, sensi-
tive, and inexpensive but also validated using traceable multi-element
reference materials for the optimal application of single collector ICP-
MS. Unfortunately, multi-element certified reference materials are typ-
ically unavailable, and single-element certified reference materials are
limited to a handful of elements. However, the urgent need for these
reference materials persists, as they play a crucial role in calibrat-
ing mass spectrometric measurements and mitigating mass bias effects
during the measurements in mass spectrometers. To tackle these chal-
lenges, the MetroPOEM project (21GRD09) has been initiated. Co-
ordinated by the Physikalisch-Technische Bundesanstalt of Germany,
MetroPOEM will be executed by a consortium of 23 partners spanning
13 European countries.



