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Stringent Test of QED predictions using Highly Charged
Tin — eJoNATHAN MORGNER, BiNGgsHENG Tu, CHARLOTTE M.
Konig, Tim SAILER, FABIAN HEisse, BAsTiAN Sikora, CHUNHAI
Lyu, VLADIMIR YEROKHIN, ZOLTAN HarMmAN, JosgE R. CREspPO
Loprez-UrruTia, CHrisTOPH H. KEITEL, SVEN STURM, and KLAUS
Braum — Max-Planck-Institut fiir Kernphysik, Heidelberg

Quantum electrodynamics (QED) is one of the pillars of the Stan-
dard Model. Its success in describing the fundamental interactions
of charged particles, including non-classical effects such as self-energy
and vacuum polarisation, is demonstrated in weak fields by the precise
measurement of the electron magnetic moment (or g — 2) [1]. Testing
this in strong fields is of similar importance, as it allows exploring the
boundaries of validity of the theory.

Here we present our recent measurement of the bound-electron mag-
netic moment of hydrogen-like tin [2]. The highly charged ions are pro-
duced in an electron beam ion trap and ejected into the ALPHATRAP
apparatus, where we store a few single ions for months to perform high-
precision Penning-trap spectroscopy on them. A comparison with the
ab initio theory prediction shows agreement, and is therefore a precise
test of the underlying theory at the highest Z so far. We addition-
ally present measurements and first results of the lithium-like and the
boron-like tin system [3].

[1] X. Fan, et al., PRL 130, 071801 (2023),
[2] J. Morgner, et al., Nature 622, 53*57 (2023),
[3] J. Morgner, et al., in preparation.

A 36.2 Fri 11:30 HS 1010
Sympathetic cooling of ions using electron cyclotron radiation
at the ELCOTRAP experiment — eJosT HERKENHOFF, SERGEY
EvLiseEv, SVEN STurM, and Kraus Braum — Max-Planck-Institut
fir Kernphysik, 69117 Heidelberg, Germany

The evolution of precision in recent Penning-trap experiments is driv-
ing the need for ever-improving cooling techniques. In this talk, the
prospect of a new sympathetic cooling technique using an electron-
plasma coupled to a single ion is presented.

The cyclotron mode of electrons in a strong magnetic field and cryo-
genic environment decays to very low quantum numbers by emission
of cyclotron radiation, causing this mode to end up predominantly
in its ground state. Driving the motional sideband allows the axial
motion to thermalize with the cyclotron motion to its ground state,
which can then be coupled to a single ion stored in a spatially sepa-
rated Penning trap using a common-resonator, allowing sympathetic
cooling of all motional degrees of the ion. The extremely low expected
temperatures in the millikelvin range open up an exciting new frontier
of measurements in Penning traps.

The first implementation of this technique is currently being de-
veloped at the dedicated ELCOTRAP experiment at the Max-Planck
Institute for Nuclear Physics, whose current status and prospects will
be presented in this talk.

A 36.3 Fri 11:45 HS 1010
Metastable state detection with Penning-trap mass spec-
trometry — eKATHRIN KROMER!, MENNO DooR!, PAvEL FILIANINT,
ZoLtAN Harman!, JosT HERKENHOFF!, PAUL INDELICATOZ,
CuristorH H. KerrerL!, DanieL Lance!, Crunsar Lvul, Yurr N.
Novikov!, CHRISTOPH SCHWEIGER', SERGEY ELISEEV!, and KLAUS
Braum! — Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg,
— 2Laboratoire Kastler Brossel, Sorbonne Université, CNRS, Paris,

France

The construction of clocks in the XUV has recently become possible
due to the extension of the frequency comb method to this frequency
range. In combination with the vast landscape of transitions in highly
charged ions (HCIs) a next generation of ultra precise clocks has come
within reach. However, the search for suitable clock transitions, e.g.
involving long-lived metastable electronic states, usually relies heavily
on complicated atomic structure calculations.

With the Penning-trap mass spectrometer PENTATRAP, we can dis-
cover long-lived metastable states and measure their energies without
actively driving the transition and therefore being independent of the-
oretical predictions. With this method we have measured a metastable
state energy in Pb as a mass difference of just 31.2(0.8) eV on top of the

Location: HS 1010

mass of the lead nuclei of ~194 GeV, making it one of the most precise
mass determination to date with a relative uncertainty of 4 x 10712 [K.
Kromer et al., Phys. Rev. Lett., in print (2023)]. It is thereby possible
to benchmark atomic structure calculations in open-shell HCI.

A 36.4 Fri 12:00 HS 1010
Developments of microwave filters for the LSym experi-
ment — eFABIAN RaaB, MARIA PasiNeTTI, LUukas HoLTMANN,
DanieL. RUBIN, ANDREAS THOMA, SANGEETHA SASIDHARAN, and
SvEN STUrRM — MPIK Heidelberg

LSyM is a new cryogenic Penning trap experiment that intends to test
the symmetry of matter and antimatter in the lepton sector. In par-
ticular, the experiment will test for differences in mass, charge and
g-factor of the positron and electron to achieve the most precise test
for a hypothetical CPT violation so far.

In the experiment the positron has to be cooled to its ground state of
motion. Therefore, the trap assembly is cooled to about 300 mK, where
the trap cavity is largely depleted from black-body photons around the
cyclotron frequency of 140 GHz. However, for the sideband cooling
and the spin-manipulation we need drives very close to the cyclotron
frequency, which can cause adverse heating far above the ground state
if not accounted for.

This can be counteracted by implementing a microwave filter struc-
ture, which allows the two drives to enter the trap almost unhindered,
while blocking almost all of the power close to the cyclotron frequency.
Challenges that arise from the close proximity of the drive modes to
the cyclotron mode and some ideas to overcome them will be presented
here.

A 36.5 Fri12:15 HS 1010
Positron source in the LSym experiment — eMARIA PASINETTI,
FaBiaNn RaaB, Lukas HorrmaNnN, DANIEL RUBIN, ANDREAS THOMA,
SANGEETHA SASIDHARAN, and SVEN STURM — Max-Planck-Institut
fiir Kernphysik
The goal of LSyM is to conduct a stringent CPT test by comparing the
properties of matter and antimatter with unprecedented sensitivity by
simultaneously comparing the spin precession frequencies of a single
positron and an electron in a millikelvin-cooled Penning trap. One of
the challenges in this project is to trap one or a few positrons from a
rather weak (about 1MBq) radioactive 2?Na source. Furthermore, an
efficient detection method for the positrons needs to be designed and
implemented. As the positrons follow a 1 decay spectrum, they have
to be moderated before entering the trap, a process with low efficiency
requiring careful execution. The trapped positron is then cooled to
the ground-state of motion in the center of the trap. This presenta-
tion illustrates the principles and techniques that will be used for the
positron source at LSyM.

A 36.6 Fri 12:30 HS 1010
Hyper-EBIT: The development of a source for very highly
charged ions — eATHULYA KULANGARA THOTTUNGAL GEORGE,
MarTHEW BonMAN, FaBIiAN HEissg, CHARLOTTE MAriA Konig,
JONATHAN MORGNER, KuNAL SINGH, JosE RamoN CrEspo LOPEz-
UrRuTIA, SVEN STURM, and Kraus Braum — Max-Planck-Institut
fir Kernphysik, Heidelberg

Precision tests of quantum electrodynamics (QED) in strong fields can
be performed using highly charged ions (HCI). Here, only a few or
even a single one of the innermost electrons are left, experiencing the
strong fields originating from the nucleus. The ALPHATRAP experiment
is a cryogenic Penning trap experiment which is dedicated to perform
strong-field QED tests by measuring the bound electron magnetic mo-
ment (or g factor).

Recently, we have measured the bound electron g factor of hydrogen-
like tin with ALPHATRAP to sub parts-per-billion precision. Our ulti-
mate goal is to further advance such tests into the strongest fields
by performing similar measurements on the heaviest HCI such as
208ph81t  For the production of 298Pb81* an electron beam ion
trap called “Hyper-EBIT” is being constructed at the Max-Planck-
Institut fiir Kernphysik with planned beam energies of 300 keV and
up to 500 mA of beam currents. This contribution presents the recent
developments of Hyper-EBIT.



Freiburg 2024 — A

Friday

A 36.7 Fri 12:45 HS 1010
King Plots: Constraining New Physics using Isotope Shift
Spectroscopy — eAGNESE MARIOTTI!, ERIK BENKLER2, JULIAN
BereNGUT®, SnuviNg CHENZ, JoseE R. CreEspo LopEz-URRUTIAS,
MELINA FiLzinger?, ELina Fucns'»24 NiLs HUNTEMANNZ, STEVEN
A. Kine2, Frona Kirk2, NiLs H. REHBEHN?, JAN RICHTER2, MAT-
TEO RoBBIATI#*®:7, MIcHEAL K. RosNER3, P1ET O. ScHMIDT?®, Lu-
cas J. Spiess?, ANDREY SURZYHKOVZ, ANNA VIATKINAZ, MALTE
WEHRHEIM?, ALEXANDER WILZEWSKIZ, DiANA A. CRAIK?, JEREMY
FLANNERY?, JonaTHAN HoMEY, Luca HuBerY?, RoLaND MaTT?,
MEenNo Door3, Kraus Braum®, and MarTIN R. STEINEL? — 1LUH-
ITP — 2PTB — 3MPI — 4CERN — °LUH-IQ — STIF Lab — 7TII

— 8UNSW — 9ETH/TBD

With 95% of the universe’s content still unexplained by modern
physics, the motivations for new physics searches are becoming more
and more evident. The approach used in our work exploits the high
precision of low-energy experiments to identify deviations from the the-
oretical predictions of the Standard Model. We utilize a combination
of isotope shift measurements and King plots, which allows to mini-
mize the required theoretical input and is sensitive to a new interaction
that couples electrons and neutrons. A wise combination of experimen-
tal data enables us to set strong constraints on such coupling. Here,
we show how we improve the previous bounds by building King plots
with the recent measurement of isotope shift in Cal4-+, carried out at
PTB. Additionally, we present two ways of utilizing the available data:
a geometrical approach and a fitting method.



