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Q 14.1 Tue 11:00 HS 1098
Implementing a Josephson Voltage Standard on a Penning
Trap for the Nuclear Magnetic Moment Measurements of

2D, 3He and "Li — eANNABELLE KAISER!, STEFAN Dickopr!,

Marius MOLLER!, RaLF Benr?, Utk BEuTEL!, ANKUsH KausHik!,
Luis Pararox?, STEFAN ULMER®#, ANDREAS Mooskr!, and KrLaus
Braum! — !'Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many — 2Physikalisch Technische Bundesanstalt, Braunschweig, Ger-

many — 3RIKEN, Wako, Japan — *HHU Diisseldorf, Germany

Penning traps are versatile tools for high-precision measurements of
e.g. the hyperfine structure from which atomic masses, binding energies
and electron as well as nuclear magnetic moments can be extracted.
For the latter, a spin-flip needs to be resolved with a change in signal
that is barely detectable before the background noise, using methods
described in [1]. This requires an ultra-stable trapping environment
and extremely cold ion temperatures. A new technique will be pre-
sented, which reduces the noise originating from the voltage sources
generating the electrostatic trapping potential: By implementing a
tunable 10 V Josephson voltage standard, the stability of the ion’s
axial frequency was measured to be twice as stable (10 ppb over 8
minutes, at 800 kHz absolute frequency) as with the typical low-noise
voltage sources UM1-14. An environment this stable enables the direct
high-precision measurements of the nuclear magnetic moment of 2D,
3He and "Li. First results of the frequency stability improvement will
be presented, along with the status of the project.
[1] Mooser et al., J. Phys.: Conf. Ser. 1138 012004 (2018)

Q 14.2 Tue 11:15 HS 1098

Measurement of the bound-electron g-factor in “He™t
for the determination of the electron mass — eMARIUS

MULLER!, STEFAN Dickopr!, ANNABELLE Kaiser!, UTE BruTEL!,

Anxusn Kausuik!, STEran ULMER?S3, ANDREAS Mooser!, and
Kraus Braum! — I!Max-Planck-Institut fiir Kernphysik, Heidel-
berg, Deutschland — 2RIKEN, Wako, Japan — 3Heinrich-Heine-

Universitat, Diisseldorf, Deutschland

The determination of fundamental constants is of great importance
for many fields of science and technology. One of these fundamental
constants is the atomic mass of the electron, which was previously de-
termined to a fractional uncertainty of 30 ppt by a collaborative effort
of high-precision Penning-trap g-factor measurements of hydrogen-like
carbon-12 and state-of-the-art bound-state QED calculations [1]. Re-
cent measurements of the helium-4 mass at LIONTRAP with a rel-
ative precision of 12 ppt [2] allow for an independent cross-check of
the electron mass in a different ionic system and further enable an
improvement in precision by a factor of 2.5.

At our experimental Penning-trap setup at the MPIK in Heidelberg
[3], we are currently conducting high-precision bound-electron g-factor
measurements of Het in order to improve the precision of the atomic
mass of the electron. The current status and first experimental results
of the helium-4 measurement campaign will be presented.

[1] S. Sturm et al., Nature 506, 467 (2014)
[2] S. Sasidharan et al., Phys. Rev. Lett. 131, 093201 (2023)
[3] A. Schneider et al., Nature 606, 878 (2022)

Q 14.3 Tue 11:30 HS 1098
Precision ground-state hyperfine and Zeeman spectroscopy
on “?Be ions — eSTEFAN Dickopr!, BAsTIAN SIKORA',
ANNABELLE KatsER!, MaRIius MULLER!, STEFAN ULMER?, VLADIMIR
YEROKHIN', ZortaN HarRMAN!, Curistorn KEITEL!, ANDREAS
Mooser!, and Kraus Braum! — !Max-Planck-Institut fiir Kern-
physik, Heidelberg, Germany — 2Institut fiir Experimentalphysik,

Heinrich-Heine-Universitit, Diisseldorf, Germany

Measurements of the Zeeman splitting in systems with nuclear mag-
netic moments can be used to infer the shielded nuclear and the bound
electron g-factors, as well as the zero-field hyperfine splitting [1]. We
measured the Zeeman splitting of 9Be?T and compare it to measure-
ments on 9Belt [2] to test the theory of the diamagnetic shielding
factor [3] on the parts per billion level. Additionally, we compare our
measured zero-field splitting with the value obtained in Be't via the
so-called hyperfine specific difference to cancel theoretically intractable
nuclear structure contributions. Recent progress and the latest results
will be presented.

Location: HS 1098

[1] A. Schneider et al, Nature 606, 878-883 (2022)

[2] D. J. Wineland, J. J. Bollinger, and Wayne M. Itano, Phys. Rev.
Lett. 50, 628-631 (1983)

[3] K. Pachucki and M. Puchalski, Optics Communication 283, 641-
643 (2010)

Q 14.4 Tue 11:45 HS 1098
Isotope shift spectroscopy in ultracold atomic mercury —
oTHORSTEN GROH, SAscHA HEIDER, and SIMON STELLMER —
Physikalisches Institut, Universitdt Bonn, Nussallee 12, 53115 Bonn

Low energy beyond standard model theories predict a new boson, that
would act as a new force carrier coupling neutrons and leptons via a
Yukawa like interaction [Delaunay, PRD 96, 093001; Berengut, PRL
120, 091801]. Precision spectroscopy of atomic isotope shifts could re-
solve this coupling as an energy shift of electronic levels. New physics
signatures would emerge as nonlinearities in King plots of scaled iso-
tope shifts on different electronic transitions.

We cool mercury in a magneto-optical trap. Our results on high res-
olution deep UV laser spectroscopy show strong deviations from linear-
ity. Our multidimensional King plot analysis indicates that these are
dominated by standard model contributions, quadratic field shifts and
nuclear deformations. With recent improvements on the machine and
spectroscopy results on additional lines we investigate the nonlinearity
origins further.

Q 14.5 Tue 12:00 HS 1098
Spectroscopy of calcium on an atomic vapor — eLuUKaAs
MOLLER, DaviD ROSER, FREDERIK WENGER, ANDREAS REUsS, AN-
1cA HAMER, and SiMON STELLMER — Physikalisches Institut, Univer-
sitdt Bonn

Calcium is an element that posseses multiple desireable qualities that
make it suitable for a multitude of applications, including atomic clocks
and the search for beyond standard model physics. All of these ap-
plications are based on high precision spectroscopy. Spectroscopy on
thermal atomic vapor is a straightforward and well-estabished method.
By applying a lock-in detection scheme that uses both frequency and
amplitude modulation to saturated absorption spectroscopy, we mea-
sure the isotope shifts of the 423-nm 1S0 -> 1P1 transition for all
stable calcium isotopes.

Q 14.6 Tue 12:15 HS 1098
Developments towards quantum logic spectroscopy for high-
precision CPT symmetry tests in a cryogenic Penning trap
— @JAN ScHAPER!, JuLia CoENDERS!, MoORITZ vON BoeHN!, N1ma
Hasuemi!, JuaAN MaNUEL CorNEJO!, STEFAN ULMER3?, and CHRIs-
TIAN OspELKAUSD'2 — 1Leibniz Universitét Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
— 3Ulmer Fundamental Symmetries Laboratory, Riken, Japan —
4Heinrich-Heine-Universitdt Diisseldorf, Germany

High-precision matter-antimatter comparisons allow to test CPT sym-
metry and to search for new physics beyond the standard model. The
BASE collaboration contributes to these tests by measuring the charge-
to-mass ratio and g-factor of protons and antiprotons in cryogenic
Penning traps [1-3]. The BASE experiment at the Leibniz University
Hannover is developing measurement schemes based on sympathetic
cooling and quantum logic spectroscopy to further increase sampling
rates, using °BeT both as cooling and logic ion [4].

This talk will present recent advances, including adiabatic transport
in the ms-regime [5] and ground-state cooling of a single 9Bet ion
[6]. Furthermore, upcoming changes to the experimental apparatus,
including a redesigned Penning trap stack, will be shown.

[1] G. Schneider et al., Science 358, 1081 (2017) [2] C. Smorra et al.,
Nature 550, 371 (2017) [3] M.J. Borchert et al., Nature 601, 53 (2022)
[4] Juan M Cornejo et al 2021 New J. Phys. 23 073045 [5] Meiners
et al., arXiv:2309.06776 (2023) [6] Cornejo et at., arXiv:2310.18262
(2023)

Q 14.7 Tue 12:30 HS 1098
X-Ray Spectroscopy of the Ka transitions in He-like Ura-
nium — ePHiLip PrAFFLEINDZ3, STEFFEN ALLGEIER?, Sonja
BerniTT!2:3,  ANDREAS FLEISCHMANN?, MARVIN FRIEDRICH?,
ALEXANDRE  GUMBERIDZEZ, CarisTtopH  Hann1:2 DANIEL
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HencsTLER?, Marc O. Herbricu!:23, FeLix KrOGerD23 Pa-
b b b

TRICIA KUNTZ?, MICHAEL LESTINSKY?, BAsTIAN LOHER?, ESTHER
B. Menzb23, Uwe SPILLMANN2, SErRGIY TrROTSENKOMZ, GUN-
TER WEBER!2, Bincuur Zuul2:3, CurisTiaN Enss?, and THoMAS
STOHLKERD2:3 — 1HI Jena, Germany — 2GSI, Darmstadt, Germany

— 3Jena University, Germany — “Heidelberg University, Germany

Helium-like ions are the simplest atomic multi-body systems. Their
study along the isoelectronic sequence allows for precision tests of the
interplay of the effects of electron—electron correlation, relativity and
quantum electrodynamics (QED) within a wide range of electromag-
netic field strengths. Heavy highly charged ions are ideal for probing
higher order QED terms. For the 1s state in uranium, e.g. their con-
tributions are on the 1€V level at binding energies of above 100 keV.
In spring 2021 an X-ray spectroscopy study of helium-like uranium
ions has been performed at the electron cooler of the low-energy stor-
age ring CRYRING@ESR at GSI, Darmstadt using metallic magnetic
calorimeter detectors. The achieved spectral resolution reveals the sub-
structure of the Koy and Kag lines for the first time. Using two de-
tectors the Doppler shift was deduced from the recorded spectra. This
breakthrough in X-ray spectroscopy enables future precision tests of
bound-state QED and many-body effects in extreme field strengths.

Q 14.8 Tue 12:45 HS 1098

Towards high precision quantum logic spectroscopy of

single molecular ions — eMAXIMILIAN JASIN ZAWIERUCHAL,

T RenMmert!, FaBian Worr!, and Pier O. Scumipt!:?
1Physikalisch- Technische Bundesanstalt, Braunschweig — 2Institut
fiir Quantenoptik, Leibniz Universitdt Hannover, Hannover

High precision spectroscopy of trapped molecular ions constitutes a
promising tool for the study of fundamental physics. Possible applica-
tions include the search for a variation of fundamental constants and
measurement of the electric dipole moment of the electron. Compared
to atoms, molecules offer a rich level structure, permanent dipole mo-
ment and large internal electric fields which make them exceptionally
well suited for those applications. However, the additional rotational
and vibrational degrees of freedom result in a dense level structure and
absence of closed cycling transitions. Therefore, standard techniques
for cooling, optical pumping and state detection cannot be applied.
This challenge can be overcome by quantum logic spectroscopy. In ad-
dition to the single molecular ion, one well-controllable atomic ion is
co-trapped, coupling strongly to the molecule via the Coulomb interac-
tion. The shared motional state is used as a bus to transfer information
about the internal state of the molecular ion to the atomic ion. Using
calcium as a logic ion, we have implemented a quantum logic scheme
to detect population transfer on a co-trapped spectroscopy ion. The
interaction is driven by a far detuned Raman laser setup. We present
the latest progress of our experiment, aiming at high precision spec-
troscopy of molecular and complex atomic ions.



