SAMOP 2023 — Q

Thursday

Q 55: Precision Spectroscopy of Atoms and lons Ill (joint session A/Q)

Time: Thursday 14:30-16:30

Invited Talk Q 55.1 Thu 14:30 F303
Laser spectroscopy of the heaviest elements with the
RADRIS technique — eTowm Kieck for the RADRIS-Collaboration
— GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Ger-
many — Helmholtz-Institut Mainz, Germany

Exploring atomic and nuclear properties in the region of the heaviest
elements through laser spectroscopy became possible with the RAdia-~
tion Detected Resonance Ionization Spectroscopy (RADRIS) technique
at GSI. Fusion evaporation reaction products are separated from the
primary beam in the velocity filter SHIP and then stopped in high-
purity argon gas and collected onto a thin hafnium filament. Following
re-evaporation, the released neutral atoms are probed by two-step reso-
nance laser ionization. The resulting photo-ions are guided to a silicon
detector for identification by their characteristic alpha radiation.

After a first observation and characterisation of an atomic ground-
state transition in nobelium (Z = 102), the technique was applied to
several nobelium and fermium isotopes. We present advancements of
the RADRIS technique together with recent results from the FAIR
phase-0 beamtime 2022 at GSI. The setup performance was optimised
to achieve higher total efficiency, which is now up to 15%. Improved
stability of the system allowed the search for atomic levels in lawren-
cium (Z = 103) for more than 400 hours. In addition, the short-lived
isotope 2°'No (T1/2 = 0.8 s) was studied along with several fermium
and californium isotopes. These results and further prospects will be
discussed.

Q 55.2 Thu 15:00 F303
Collinear laser spectroscopy in 12:13C4t — ePaTRrICK MULLER!,
PuiLLip IMaram?!, KrisTiaN KoNig!, BERNHARD Maass?, and WiL-
FRIED NORTERSHAUSER! — lInstitut fiir Kernphysik, TU Darmstadt,

Germany — 2Argonne National Laboratory, Chicago, IL, USA
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Laser spectroscopy has since long been used to determine differential
nuclear charge radii §(r2?) for stable and short-lived isotopes. Re-
cently, much effort was put in improved atomic structure calculations
of helium-like systems to be able to extract absolute nuclear charge
radii from 1525387 — 1525 3Py transition frequencies [1]. This can be
used in light He-like ions, i.e., Be to N, in which the metastable state
has sufficient lifetime to perform collinear laser spectroscopy and the
transition wavelengths are in the laser accessible region.

We report on high-precision collinear laser spectroscopy measure-
ments of the 1s2s3S; — 132531307172 transitions in 121304+ using
the Collinear Apparatus for Laser Spectroscopy and Applied Physics
(COALA) at the Institute of Nuclear Physics, TU Darmstadt. Al-
though theory has not reached the accuracy to directly extract (r?) in
He-like systems with competitive uncertainty yet, mass-shift calcula-
tions between 1213C4+ will provide §(r2)12:13 with very high precision
in the conventional approach. The measured hyperfine structure of
1304+ which is modulated by significant hyperfine mixing will serve as
another benchmark for testing atomic-structure theory. This project
is supported by DFG (Project-ID 279384907 - SFB 1245).

[1] Yerokhin et al., Phys. Rev. A 106, 022815 (2022)

Q 55.3 Thu 15:15 F303
Laser photodetachment threshold spectroscopy at FLSR: first
results — eOLIVER ForsTNERD'Z, VapIM GADELSHIN®, LOTHAR
ScumipT?, Kurt STIEBING?*, DOMINIK STUDER?, and KLAUs WENDT?
— 1Friedrich Schiller-Universtitdt Jena — 2Helmholtz-Institut Jena
— 3Institut fiir Physik, Johannes Gutenberg-Universitit Mainz —
4Institut fiir Kernphysik, Goethe-Universitit Frankfurt

The Frankfurt Low-energy Storage Ring (FLSR) is a room-
temperature electrostatic storage ring, which can reduce the internal
energy of stored ions almost to the ambient temperature, being suit-
able for laser photodetachment threshold (LPT) spectroscopy to deter-
mine the electron affinity of negatively charged ions. The latter play a
key role in accelerator mass spectrometry (AMS): lasers can selectively
neutralize undesired isobars, providing a purified beam of an isotope of
interest. To extend the range of available AMS nuclides, it is necessary
to identify neutralization schemes for unwanted atomic and molecular
negative ions.

To achieve this goal, a source for negative ions was installed at
FLSR and a compact laser lab was constructed guiding laser beams
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into FLSR. The laser setup is based on a tunable Ti:Sapphire laser
pumped by a high repetition Nd:YAG laser. The neutralized ions are
further downstream detected by a position sensitive MCP detector.

An overview of the setup and first results of precision spectroscopy
of O~ will be presented. An outlook of further LPT studies will be
given.

Q 55.4 Thu 15:30 F303
Laser spectroscopy of fermium across the deformed N=152
shell closure — eELI1SABETH RICKERT for the Fermium-Collaboration
— GSI Darmstadt, Germany — JGU Mainz, Germany — HIM Mainz,
Germany

The existence and stability of heavy nuclei is a forefront topic in nuclear
physics. Modern laser spectroscopy techniques provide a unique tool
to study nuclear shell effects by measuring isotope shifts to infer mean-
square charge radii and hence deduce nuclear size and shape. Laser
spectroscopy measurements of the isotope shift of an atomic transition
of the actinide element fermium (Z=100) have been recently carried
out covering isotopes across the N=152 shell closure. On-line and off-
line laser spectroscopy experiments with direct and indirect production
schemes and offline production methods were combined and method-
ologically pushed forward to measure isotope shifts in fermium iso-
topes. Previously inaccessible isotopes, short and long-lived, were cov-
ered, enabling experiments at atom-at-a-time quantities through newly
developed detection concepts. Changes in the mean-square charge radii
were extracted for the longest chain of isotopes investigated in the re-
gion of the heavy actinides revealing a discontinuity around the N=152
shell closure.

Q 55.5 Thu 15:45 F303
High-resolution spectroscopy of exotic silver with a cw
OPO injection-seeded PDA — eMitzi UrQuIZA-GONZALEZ!,
VOLKER SONNENSCHEIN!, OMORJIT S. KHWAIRAKPAM?, BRAM VAN
DEN BoRrNE®, MicHAEL HEINES®, Acora KoszorUs?, KATERINA
CurysaLipis?, RuBeN P. peE GrooTe®®, Bruce Marsu?, Ko-
RBINIAN HENs!, and Kraus WENDT® for the CRIS-Collaboration —
1Division HUBNER Photonics, Hiibner GmbH Co KG, Germany —
2Istituto Nazionale di Fisica Nucleare LNL, Italy — 3KU Leuven, Bel-
gium — *CERN, Switzerland — ®University of Jyviiskyls, Finland —

6Johannes Gutenberg Universitit, Germany

Short-lived radioisotopes are of special interest for nuclear structure
studies, as their characteristic provide valuable reference points for
theoretical predictions far from stability. By using lasers, hyperfine
transitions can be accessed, allowing direct measurement of nuclear ob-
servables. For such high-resolution spectroscopy, narrow-band pulsed
lasers can be created by the pulsed amplification of a cw seed laser,
keeping the amplifier’s high power and short time profile whilst acquir-
ing the seeder’s spectral properties.

Spectroscopy on exotic Ag was performed at the CRIS experiment
at CERN. A tunable cw single-mode OPO was employed as injection-
seed for a two-stage pulsed dye amplifier. The hyperfine splitting of
the ground-state 25’1/2 to the level QP?’O/2 was measured and the hy-

perfine coupling constants were determined. For this work, 111:117Ag
are presented, showcasing this laser system’s applicability for future
high-resolution spectroscopy studies.

Q 55.6 Thu 16:00 F303
Hyperfine structures of neptunium — eMacGpALENA Kajal,
Mrrz1 UrQuiza-GonzALEz2, FeLix Berc!, KorsiNIAN HENSZ,
Tosias Reicu!, Marou STeEMMLER!, DomiNik STUDER!, FELIX
WEeBER!, and KrLaus WENDT! — !Johannes Gutenberg University,

55099 Mainz — 2Hiibner GmbH & Co. KG, Kassel, Germany

Neptunium is of major concern for the long-term safety of a high-level
nuclear waste repository due to the long half-life of 2.1-108 years and
the high radiotoxicity of its isotope 237 Np. In this context, trace analy-
sis of environmental samples is of high relevance. Resonance ionization
mass spectrometry (RIMS) is an excellent tool for selective and sensi-
tive ultra-trace analysis of radionuclides but requires efficient excita-
tion schemes and a suitable tracer for quantification. For isotope ratio
determination, it is important to take into account the isotope-related
effects in ionization schemes stemming from hyperfine structure (HFS)
and isotope shift. Thus, new two-step excitation schemes for analysis
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of 23"Np and 239Np as a tracer were identified and investigated.
Narrow bandwidth spectroscopy on 237"Np and 23°Np has been car-
ried out at RISTKO mass separator using the specific PI-LIST laser ion
source geometry together with an injection-locked seeded Ti:sa laser
system. The latter has a spectral bandwidth of 20 MHz, while also
providing a high repetition rate pulsed operation with the high-power
density required for RIS. The HF'S of the atomic ground-state transi-
tions to the levels at 25 075.15 cm™! and 25 277.63 cm™! has been
measured and hyperfine coupling constants for both isotopes as well
as the isotope shift between 237Np and 23°Np have been determined.

Q 55.7 Thu 16:15 F303
High-resolution laser spectroscopy on the isotopes 244~248Cm
— oNiNa KnEIP!, FELIx WEBER?, CHRISTOPH E. DULLMANNZ:3:4
CHRISTIAN M. MARQUARDT?, CHRISTOPH MOKRY?3, PETRA J.
PaNAk®, SEBASTIAN RAEDER®?, JOrRG RUNKEZ4, DOMINIK STUDER?,
CLEMENS WALTHER!, and Kraus WENDT? — !Leibniz University
Hannover, 30060 Hannover — 2Johannes Gutenberg University Mainz,
55099 Mainz — SHelmholtz Institute Mainz, 55099 Mainz — *GSI

Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt
— 5Karlsruhe Institute of Technology, 76131 Karlsruhe

The transuranium element curium (Z = 96) is one of the minor ac-
tinides present in spent nuclear fuel. It is produced during power
reactor operation in a series of nuclear reactions from 238U. The res-
onance ionization mass spectroscopy (RIMS) method was used at the
RISIKO mass separator at Mainz University for off-line studies in the
complex, highly dense atomic structure of Cm. Due to its high ion-
ization efficiency and outstanding elemental selectivity, RIMS is an
excellent tool for high-precision laser spectroscopy on these minus-
cule samples. The isotope shift was measured for the isotope chain
244=248Cm for two different energy levels with the electron configu-
rations 5f76d7s7p9 D3 and 5f%6d7s%D3. The odd-A iostopes were
present with only 10! — 102 atoms. A narrow band Ti:sapphire
laser system was used for high-precision measurements specifically to
resolve the hyperfine structures of 24%:247Cm with 15 hyperfine transi-
tions each. Finally, the modified King plot was used to determine the
missing mean square charge radius of 247Cm.



