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Investigation of Molecular Ions as Sensitive Probes for Fun-
damental Physics — eCARSTEN ZUELCH, KoNsTANTIN GAUL, and
RoBERT BERGER — Fachbereich Chemie, Philipps-Universitat Mar-
burg, Hans-Meerwein-Strafse 4, 35032 Marburg, Germany

Small polar molecules provide large enhancements of P, T-odd effects
due to large internal fields, which are further increased by using heavy
elements as metal center. Molecular ions would give additional ben-
efits: From an experimental point of view, ions have the advantage
that they can be guided by electric fields, sympathetically cooled and
trapped for long times, possibly opening a path for subsequent di-
rect laser cooling. Further, with increasing charge the electronic spec-
tra become typically compressed, which is favourable for the search
of a spatio-temporal variation of fundamental constants. But with
the compressed level structure arise different challenges like the need
for an analysis of congested rovibronic spectra. At present, compara-
tively little is known about the detailed electronic structure of small
molecular ions containing short-lived nuclei, since only recently ad-
vances in precision spectroscopy made the study of such systems pos-
sible. Therefore, an extensive theoretical investigation on different
systems is needed to find suitable molecular ions for future fundamen-
tal physics research, faciliated by current developments in theory. Our
estimations for symmetry-violating properties and laser-coolability are
based on calculations on the level of two-component complex general-
ized Hartree-Fock (cGHF) and Kohn Sham (cGKS), with properties
being subsequently obtained with our toolbox approach.

A 30.2 Fri 15:00 F107

High-resolution spectroscopy on core-excited lithium-like
ions in the soft x-ray regime — eMoTo Tocawal:2, STEFFEN
Konn!, CHINTAN SHaAH3, RENE STEINBRUGGE!, Sonja BERNITT?,
TuaoMAs BAuMANN?, MicHAEL MEYER2, THoMAs PFEIFER!, Mau-
RICE LEUTENEGGER?, and José R. CreEspo Lo6pEz-URrRuTIA! —
IMax-Planck Institut fiir Kernphysik — 2European XFEL — 3Nasa
Goddard Space Flight Center — *GSI Helmholtzzentrum fiir Schweri-

onenforschung

Two core-excited soft x-ray transitions, q and r of lithium-like oxy-
gen, fluorine and neon were measured, and calibrated using several
transitions of helium-like ions. After identification and removal of a
systematic error by means of photoelectron spectroscopy, we achieved
a relative accuracy of 1.5 parts-per-million, higher than that of cur-
rent theory. This allows for a preliminary assessment of predictions
including quantum electrodynamics and mass-shift corrections.

A 30.3 Fri15:15 F107
Laser Spectroscopy of the Hyperfine Structure in 208Bi%2+
at the Experimental Storage Ring (ESR) @ GSI — eMax
Horst for the LIBELLE/E128-Collaboration — Institut fiir Kern-
physik, TU Darmstadt, Darmstadt — Helmholtz Akademie Hessen
fir FAIR HFHF, TU Darmstadt, Darmstadt

We present results of a laser spectroscopy experiment at the Experi-
mental Storage Ring (ESR) at the GSI Helmholtzzentrum fiir Schwe-
rionenforschung in Darmstadt. During a beamtime in May 2022, we
were able to measure the hyperfine splitting of hydrogen-like 208 Bi82+,
The ions of the radioactive isotope were produced in-flight before in-
jection into the ESR and a few 10% ions were stored at 8 = v/c = 0.72.
This is the first time that an artificially produced isotope is success-
fully targeted by laser spectroscopy in a storage ring.

To excite the hyperfine transition (A9 = 221nm) the ion beam was
superimposed with a counterpropagating beam of a pulsed dye laser at
Alab = 548 nm. Fluorescence detection was realized spatially separated
from the laser interaction with a new detection region to obtain the
required low background.

In combination with a measurement on lithium-like 298Bi80+t  which
is in preparation, the result will provide the so-called specific differ-
ence [1] between the two hyperfine splittings, which will constitute the
most stringent test of QED in strong magnetic fields.

Funding by BMBF under contract 05P21RDFA1 is acknowledged.

[1]: V. M. Shabaev, et al., Phys. Rev. Lett. 86, 3959 (2001).

A 30.4 Fri15:30 F107

Location: F107

Precision x-ray spectroscopy of U90+ using novel mi-
crocalorimeter detectors — ¢G. WEBERD2, PH. PFAFFLEIND3,
F. Krocerb3 B. Zuul3, M. O. Herprica3, S. BerniTT!:2, CH.
Haun!2, M. LesTINSKY2, U. SPILLMANNZ, A. KALININZ, B. LOHERZ,
T. Overb3, D. HEnGsTLER?, A. FLEIscuMANN?, S. ALLGEIER?, P.
Kuntz?, E. B. MENz!'2:3 M. Frieprice?, CHr. Enss?, and TH.
STOHLKER!2:3 — lHelmholtz-Institut Jena — 2GSI, Darmstadt —
310Q, FSU Jena — *KIP, Universitit Heidelberg

He-like ions are the simplest atomic multibody systems and the study
of L -> K transitions along the isoelectronic sequence provides a unique
testing ground for the interplay of the effects of correlation, relativity
and quantum electrodynamics. However, for high-Z ions with nuclear
charge Z > 54, where K transition energies reach up to 100 keV, there
are currently no data available to challenge state-of-the-art theory.

We report on the study of Ka radiation in He-like uranium at the
electron cooler of CRYRING@QESR at GSI, using novel microcalorime-
ters dedicated to high-precision x-ray spectroscopy. A spectral resolu-
tion of better than 100 eV FWHM was achieved over a wide range of
x-ray energies from a few keV up to more than 100 keV, enabling for
the first time to resolve the individual components of the Ka peaks in
a heavy He-like system.

This work was conducted in the framework of the SPARC collabora-
tion, exp. E138 of FAIR Phase-0 supported by GSI. We also acknowl-
edge the support provided by ErUM FSP T05 ” Aufbau von APPA bei
FAIR” (BMBF n°05P19SJFAA and n°05P19VHFA1).

A 30.5 Fri15:45 F107
An optical clock based on highly charged ions and its ap-
plication for new physics searches — ¢ ALEXANDER WILZEWSKI',
Lukas J. Spiess!, STeveNn A. King!, MaLTE WEHRHEIM!, SHUY-
NG CHEN!, MicuaeL K. RosNER?, ANDREY SurzHykov! 4, BRIk
BeNnkLER!, NiLs HUNTEMANN!, JosE R. CrREsPo LoPEz-URRUTIAZ,
and PieT O. ScuMipT!3 — !Physikalisch-Technische Bundesanstalt,
Bundesallee 100, 38116 Braunschweig, Germany — 2Max-Planck-
Instituts fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Ger-
many — S3Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Welfengarten 1, 30167 Hannover, Germany — *Technische Universitit
Braunschweig, Universitéatsplatz 2, 38106 Braunschweig, Germany

In our experiment, we extract highly charged ions (HCIs) from an
electron-beam ion trap (EBIT) and transfer them to a linear Paul trap
where they are recaptured and sympathetically cooled by laser-cooled
Be™ ions. Recently, we fully evaluated the systematic uncertainty of an
optical clock based on Ar'3t. By comparison with the octupole tran-
sition in Yb™T we determined the isotope shift of the optical transitions
between 36 Ar13+ and 40 Ar'3+ with sub-Hz accuracy [1]. Cal*t offers
five stable isotopes and a suitable optical transition [2] for a King plot
analysis to search for a hypothetical fifth force when combined with
isotope shifts of the clock transition in Ca®. We present results on a
laser ablation source for our EBIT, the Cal4t clock laser system, and
first isotope shift measurements. [1] S. A. King, L. J. Spiess et al.,
Nature 611 (2022), [2] N. Rehbehn et al., Phys. Rev. A 103 (2021)et
al., Phys. Rev. Research 2, (2020)

A 30.6 Fri 16:00 F107
Bound-Electron g Factor Measurement of Hydrogenlike Tin
— eJONATHAN MORGNER, CHARLOTTE M. KoONIG, TiM SAILER,
FaBian Heisse, BingsHENG Tu, VwLaDIMIR A. YEROKHIN, Bas-
TIAN SIKORA, ZOLTAN HarMAN, JosE R. CrEspo LOPEz-URRUTIA,
CHrisTorH H. KEITEL, and SVEN STURM — Max-Planck Institut fiir
Kernphysik, Heidelberg

Highly charged ions are a great platform to test fundamental physics
in strong electric fields. The field strength experienced by a single elec-
tron bound to a high-Z nucleus reaches strengths exceeding 10'® V /cm.
Perturbed by the strong field, the g factor of a bound electron is a sen-
sitive tool that can be both calculated and measured to high accuracy.
In the recent past, g-factor measurements of low-Z ions reached preci-
sions below 5 x 10711, Following this route, the ALPHATRAP Penning-
trap setup is dedicated to precisely measure bound-electron g factors
of the heaviest highly charged ions.

In this contribution, our recent measurement of the bound-electron
g factor in hydrogenlike tin will be presented. Comparison with the
theoretical calculations allows a stringent test of bound-state QED in
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strong electric fields.

Additionallly we present the mass measurement of hydrogenlike tin-
118, allowing to improve the literature mass by roughly a factor ten.
Furthermore, developments for the Hyper-EBIT experiment are pre-
sented. This will eventually allow ALPHATRAP to inject even heavier
highly charged ions in our Penning-trap apparatus.

A 30.7 Fri 16:15 F107
Parity violation in highly charged ions — eJAN RicHTER!, ANNA
V. Marorova’?, AnNa V. Viarkinal»23 Duirry Bubker?3:4, and
ANDREY SurzaYkov!®6 — 1Physikalisch-Technische Bundesanstalt
Braunschweig — 2Helmholtz Institute Mainz — 3Johannes Gutenberg
University Mainz — 4Department of Physics University of California
— 5Technische Universitit Braunschweig — SLaboratory for Emerging
Nanometrology Braunschweig — 7Helmholtz Institute Jena

Atomic parity-violation phenomena arising due to the weak interaction

of atomic electrons with nuclei have been in the focus of experimental
and theoretical research for several decades [1,2].

In this study, the focus lies on the influence of the mixing of opposite-
parity ionic levels on the excitation rates in highly charged ions. This
mixture arises due to an external electric field and the weak inter-
action between electrons and the nucleus. In order to reinvestigate
this "Stark-plus-weak-interaction" mixing, detailed calculations are
performed in hydrogen- and lithium-like ions. In particular, we focus
on the difference between the excitation rates obtained for right- and
left-circularly polarized incident light. This difference arises due to
the parity violating mixing of ionic levels.

[1] I. B. Khriplovich, Parity Nonconservation in Atomic Phenomena,
Taylor Francis, Amsterdam 1991.

[2] M.-A. Bouchiat, C. Bouchiat, Rep. Prog. Phys. 1997, 60, 1351



