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Q 27.1 Tue 17:00 Philo 1. OG
Towards High Precision Laser Spectroscopy on a Cold Beam
of Atomic Lithium — eHannaAH JosT, TiMm REDELBACH, GRE-
GOR ScCHWENDLER, and RANDOLF PonL — Institut fiir Physik/
QUANTUM, Johannes Gutenberg-Universitdt Mainz, Staudingerweg
7, 55128 Mainz, Germany

Precision measurements of simple atoms and molecules are useful be-
cause comparison with equally precise theory calculations can test the
theory and determine fundamental physical constants [1]. We are aim-
ing at new precision measurements of the lithium D lines, for the first
time using a cold atomic beam obtained from a 2D-MOT [2]|, and
using an actively stabilised retroreflector [3, 4] to eliminate the first
order Doppler shift. Comparison with ongoing experiments on muonic
lithium [5] will in addition enable stringent tests of a variety of system-
atics relevant for recent and ongoing experiments in atomic hydrogen
and deuterium [6], such as Quantum Interference [7], or the light-force
shift [6].

[1] P. Mohr et al., arXiv 2409.03787 (2024). [2] T. Tiecke et al.,
Phys. Rev. A 80 1094-1622 (2009). [3] V. Wirthl et al., Optics Ex-
press 29, 7024 (2021). [4] V. Wirthl et al., Optics Express 30, 7340
(2022). [5] B. Ohayon et al., Physics 6, 206-215 (2024). [6] A. Beyer et
al., Science 358, 6359 (2017). (7] T. Udem et al., Annalen der Physik
531, 1900044 (2019).

Q 27.2 Tue 17:00 Philo 1. OG
Metallic-Magnetic Calorimeters for Efficient High Resolu-
tion X-ray Spectroscopy for Energies up to 150 keV —
eDANIEL KREUZBERGER, ANDREAS ABELN, HENDRIK HADENFELDT,
DaniEL HENGSTLER, ANDREAS REIFENBERGER, DANIEL UNGER, AN-
DREAS FLEISCHMANN, LOREDANA GASTALDO, and CHRISTIAN ENnss —
Kirchhoff-Institute for Physics, Heidelberg University, Germany

Metallic Magnetic Calorimeters are cryogenic detectors for broadband
x-ray spectroscopy with high energy resolution and small, well un-
derstood non-linearity. They consist of a metallic particle absorber,
typically made of gold and a paramagnetic temperature sensor made
of an erbium doped noble metal host material. If a photon is absorbed,
its energy is converted to heat, leading to a temperature change of the
sensor material. This temperature rise changes the magnetization of
the sensor material, which is read out by a sensitive SQUID magne-
tometer.

Experiments on highly charged ions and light muonic atoms have
brought up the necessity to build densely packed arrays of MMCs with
a high stopping power for photon energies up to 150 keV. This can be
achieved with the presented new microfabrication-process for 120 ym
thick absorbers made of electroplated gold. We also present fabrication
results for the fast thermalization of the MMCs using the backside of
the silicon substrate, which can be achieved by using DRIE processes,
and filling these T'SVs with copper. Finally we present characteriza-
tion results for two different MMC arrays fabricated with those newly
developed processes and results from most-recent beamtimes.

Q 27.3 Tue 17:00 Philo 1. OG
Spectroscopy and laser-cooling of zinc — eLukas MOLLER, FE-
LIX WALDHERR, DAVID ROSER, and SIMON STELLMER — Universitat
Bonn, Germany

Laser-cooling and trapping of neutral atoms is a widely used technique
in contemporary atomic physics and has been demonstrated for many
elements of the periodic table. The element zinc, an alkaline-earth-like
metal, is a promising candidate for a new optical clock. We report
on the development of a DUV cw-laser source at 213.9 nm, magneto-
optical trapping of zinc and our work towards narrow-line cooling and
isotope shift spectroscopy on the narrow cooling transition of zinc.

Q 27.4 Tue 17:00 Philo 1. OG
Towards large-area 256-pixel MMC arrays for high res-
olution X-ray spectroscopy — eANDREAS ABELN, HENDRIK
HaDENFELDT, DANIEL HENGSTLER, Lucas HERBSTRITT, DANIEL
KREUZBERGER, ANDREAS REIFENBERGER, ANDREAS FLEISCHMANN,
LorEDANA GasTALDO, and CHRISTIAN Enss — Kirchhoff Institute
for Physics, Heidelberg University

Metallic Magnetic Calorimeters (MMCs) are energy-dispersive cryo-
genic particle detectors. Operated at temperatures below 50 mK, they

Location: Philo 1. OG

provide very good energy resolution, high quantum efficiency as well
as high linearity over a large energy range. In many precision exper-
iments in X-ray spectroscopy the photon flux is small, thus a large
active detection area is desirable. Therefore, we develop arrays with
increasing number of pixels.

In this contribution we present a detector setup featuring a novel dense-
packed 16 x 16 pixel MMC array. The pixels provide a total active area
of 4mm X 4mm and are equipped with 5 pm thick absorbers made of
gold. This ensures a stopping power of at least 50 % for photon ener-
gies up to 20keV. The expected energy resolution is 1.4eV (FWHM)
at an operating temperature of 20 mK. For the cost-effective read-out
of the 128 detector channels we envisage the flux-ramp multiplexing
technique. We present first results of the detector characterization ob-
tained utilizing parallel 2-stage dc-SQUID read-out chains. We discuss
the detector performance, focusing on the thermal behavior within the
detector as well as to the thermal bath.

Q 27.5 Tue 17:00 Philo 1. OG
Microfabricated Penning trap for quantum logic inspired
CPT-tests — ePuiLipp HorrMaNN!, JuLiA CoOENDERsS', NIKITA
Poriakov!, JaAN Scuaper!, MAREK Prasse!, Juan CorNEJOZ, JA-
coB Stuppl, STEFAN ULMER*®, and CHRISTIAN OSPELKAUS!:3
ILeibniz Universitit Hannover, Germany — 2Universidad de Cadiz,
Spain — 3Physikalisch-Technische Bundesanstalt, Braunschweig, Ger-
many — 4Ulmer Fundamental Symmetries Laboratory, RIKEN, Japan
— 5Heinrich-Heine-Universitat Diisseldorf, Germany

Within the framework of the BASE collaboration, we focused on test-
ing CPT symmetry by performing high-precision measurements of the
g-factor of protons [1] and antiprotons [2]. We aim to employ quan-
tum logic spectroscopy [3| using a laser-cooled 9Bet ion to improve
the sampling rate and statistical uncertainty of these measurements.
Sympathetic ground-state cooling will happen through coupling. Our
objective is to couple [4] the mbox(anti-)proton to the °Bet ion, which
will happen in a double-well potential. Shaping this potential is chal-
lenging, because of the different particles. Coupling is also essential
for spin-state detection of the (anti-)proton. This coupling should
occur within a microfabricated section of our Penning trap stack, as
presented in this contribution, alongside an outline of the process for
fabricating these electrodes via selective laser-induced etching (SLE)
on fused silica wafers. [1] G. Schneider et. al. Science 358 (2017) [2] C.
Smorra et al., Nature 550 (2017) [3] D.J.Schneider et al., Phys. Rev.
A 42 (1990) [4] K. R. Brown et. al., Nature 471 (2011).

Q 27.6 Tue 17:00 Philo 1. OG
Digital Pulse Shape Analysis for Metallic Magnetic Calorime-
ters (MMC) — oJ. H. Warcul'23 D. A. Scunauss-MULLERD2:3,
M. O. Herpricub?3 Pu. PrArrLEINVZ3 G. WEBERDZ3, D.
HencsTLER?, A. FLEIscHMANN?, CH. Enss?, and TH. SToHLER!:2:3
— 1HI-Jena — 210Q, FSU — 3GSI — 4KIP

In the recent years, MMCs have emerged as excellent single photon de-
tectors, exhibiting a broad spectral acceptance range from a few to hun-
dreds of keV and a high energy resolution of E/AE(FW HM) =~ 6000
[J. Geist. PhD thesis, 2020]. Together with their fast rise time,
they provide a superb opportunity for fundamental research in atomic
physics. The MMC detector absorbs an incident photon. The subse-
quent heat up of an absorber-sensor pair leads to a change in mag-
netisation of the sensor generating a signal dependent on the photons
energy. The shape depending on the intrinsic detector response, ad-
ditional noise and artefacts from various sources. To achieve the full
detector performance and accurately measure incident photon energies,
it is necessary to extract the relevant pulse features while suppressing
noise contributions. Several techniques to maximise statistical infor-
mation involving finite impulse response filters have been explored.
Additional correction techniques are needed to mitigate the effects of
integral nonlinearities and temperature drift of ADCs gain behaviour.
This work presents an overview of the involved steps and compare sev-
eral digital filters with regard to their resolving power. In particular:
a Moving Window Deconvolution based algorithm presented by M. O.
Herdrich and the Optimal filter as described e.g. by A. Fleischmann.

Q 27.7 Tue 17:00 Philo 1. OG

Development of a cryogenic Paul trap setup for high-precision
quantum-logic spectroscopy — eSTEPAN KoOkKH, MAGDALENA
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WINKELVOSS, ANTON STERR, SOPHIA DORRA, MELINA GIZEWSKI,
Finsa MAYEeER, MaiLt ScHUBE, JosE R. Crespo LOPEz-URRUTIA,
THomAs PrEIFER, and VERA M. ScHAFER — Max-Planck-Institut
fiir Kernphysik, Heidelberg

Several theories for physics beyond the standard model predict a vari-
ation of the fine-structure constant a. The current upper limit on its
variation is set by high-precision spectroscopy in singly charged
ytterbium. Cf'* and Cfl7* offer higher sensitivity to a and low
sensitivity to external perturbations, thereby opening the potential
to improve on these bounds. To achieve the required precision, care
must be taken in the design of the experiment to minimise systematic
errors. Here, we present a Paul trap setup designed to fulfill these
requirements. Two Paul trap setups are placed on the same optical ta-
ble, to perform frequency comparison between the two charge states.
For improved vacuum, to suppress charge exchange with the HClIs,
the Paul trap environment needs to be cooled to 4K. This is achieved
through a closed-cycle cryocooler with a helium gas-exchange interface
that should reduce the vibrations at the trap to below 10 nm. A super-
conducting niobium shield is installed around the 4K stage to suppress
magnetic field noise and increase the coherence time. The system is de-
signed for fast and easy assembly and cool-down to simplify debugging
issues inside the vacuum chamber.

Q 27.8 Tue 17:00 Philo 1. OG
Calcium optical clock as an absolute frequency standard for
the thorium nuclear transition — eDarius FENNER!, VALERII
ANDRIUSHKOVY'2, KEERTHAN SUBRAMANIAN!, KE ZHANG!, SRINI-
vasa PRADEEP ARrAsaDA!, FLORIAN ZAcHERL!, Yumiao Wanclh?,
CurisToPH E. DoLLMann®2, DmiTry BUDKER!'2:3, FERDINAND
ScumipT-KALER!, and Lars voN DER WENsSE! — !Johannes
Gutenberg-Universitit Mainz — 2Helmholtz Institut Mainz —
3University of California, Berkeley, USA — 4Fudan University, Shang-

hai, China

Nuclear clocks are expected to improve the accuracy of optical clocks
due to their reduced susceptibility to external fields and higher transi-
tion frequencies. They are based on the transition of the low-lying and
long-lived isomeric state of thorium-229. In our setup, thorium and
calcium ions are co-trapped in a linear Paul trap for sympathetic cool-
ing. In the future, to excite the thorium nucleus with a cw laser, the
frequency of the nuclear transition must be compared to a known fre-
quency standard. This poster presents the construction of an optical
clock based on a trapped Cat ion, using the 729 nm clock transi-
tion between Sj,5 and Dy /5. The clock laser is first stabilized using
the Pound-Drewer-Hall technique to reach a linewidth at the Hertz
level. After locking the laser to the calcium ion, its frequency will be
measured using an optical frequency comb. The goal is to reach an ac-
curacy of 10~ 15, This project is supported by the BMFTR Quantum
Futur II Grant Project NuQuant (FKZ 13N16295A) and DFG Project
TACTICa (grant agreement no. 495729045).

Q 27.9 Tue 17:00 Philo 1. OG
MMC based high-precision spectroscopy on muonic atoms —
eTiv REDELBACH for the QUARTET-Collaboration — Institute of
Physics, Mainz, Germany

The QUARTET collaboration aims for high-precision spectroscopy of
muonic atoms at the Paul Scherrer Institute (PSI) to extract nuclear
charge radii in simple atomic systems. A key motivation of the ex-
periment is to reduce the relative uncertainties of nuclear charge radii
for stable isotopes ranging from Lithium to Neon. The current uncer-
tainties in this region suffer mainly from experimental uncertainties.
To fill this uncertainty gap, Metallic Magnetic Calorimeters (MMC)
are employed, which provide a unique combination of superb energy
resolution, linearity and stability. This contribution will present the
experimental concept and first results from the beam time conducted
in October 2025, highlighting the performance of the MMC-based de-
tection system and the current status of data analysis on the stable
Oxygen isotopes O16, O17 and O18.

Q 27.10 Tue 17:00 Philo 1. OG
Preparation of actinide samples for applications in fundamen-
tal physics and chemical studies — eA. T. Loria Basto!?, C.
Mokry!2, J. Runke!3, CH .E. DuLLManny23 and D. Reniscual:2
— 1JGU, Mainz, Germany — 2HIM, Mainz, Germany — 3GSI, Darm-
stadt, Germany

Samples of radioisotopes serve as sources and targets in many basic
chemistry and physics related research projects. Our group special-

izes in the production of tailor-made samples, for which a variety of
parameters have to be considered. The main ones include isotopic pu-
rity, layer thickness and homogeneity as well as geometry. We present
the methods available at JGU and within our collaboration network to
produce, separate and characterize radionuclide samples, mainly of ac-
tinide isotopes. We also highlight the production and characterization
of experiment-specific samples and give an overview of applications in
Mainz as well as in national and international collaborations.

Q 27.11 Tue 17:00 Philo 1. OG
Heating rate measurements by time-resolved detection
of single-phonon excitations — eSywvain NoirLl2, TiLL
ReHMERTH2, GABRIELE GATTAL34, MAXIMILIAN J. ZawiERUCHA D2,
PieT O. ScumipT! 2, and FaBiaN WoLr! — 1Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany —
2Institut fir Quantenoptik, Leibniz Universitdt Hannover, Welfen-
garten 1, 30167 Hannover — 3European Laboratory for Nonlinear
Spectroscopy (LENS), Via Nello Carrara 1, 50019 Sesto Fiorentino
— 4University of Florence, Department of Physics and Astronomy,
Via Sansone 1, 50019 Sesto Fiorentino, Italy

Trapped ions are a well-established platform in quantum science, with
applications ranging from quantum computing to high-precision spec-
troscopy for metrology and as a probe for new physics. These applica-
tions rely on long coherence times for coherent manipulation, making
it essential to understand and quantify decoherence processes in order
to mitigate them. In particular, heating of the trapped ions is one
limiting effect for coherence times. Here, we present a new measure-
ment scheme to quantify the motional heating in a Paul trap. The
method relies on the time-resolved detection of single-phonon excita-
tions, which allows us to extract the heating rate in the trap. We
demonstrate that the method is consistent with the well-known tech-
nique based on comparing the red and blue sideband excitations. In
addition, the presented method offers a new perspective for the investi-
gation of different heating mechanisms by distinguishing coherent and
incoherent motional excitation of the ion.

Q 27.12 Tue 17:00 Philo 1. OG
A pedestrian approach to the computation of atomic struc-
tures and processes — STEPHAN FRITZSCHE — Helmholtz-Institut
Jena, Germany — Friedrich-Schiller University Jena, Germany

Electronic structure calculations of atoms and ions have a long tradi-
tion in physics with applications from basic research to precision spec-
troscopy, and up to astro and plasma physics. With the Jena Atomic
Calculator (JAC), I here present a modern (relativistic) atomic struc-
ture code for the computation of atomic amplitudes, properties as well
as a large number of excitation and decay processes. JAC [1,2] is based
on Julia and provides an easy-to-use but powerful platform to extent
atomic theory towards new applications. The toolbox is suitable for
(most) open-shell atoms and ions across the periodic table of elements.

[1] S. Fritzsche. A fresh computational approach to atomic struc-
tures, processes and cascades. Comp. Phys. Commun., 240, 1 (2019),
DOI:10.1016/j.cpc.2019.01.012.

[2] S. Fritzsche. JAC: User Guide, Compendium & Theoreti-
cal Background. https://github.com/OpenJAC/JAC.jl, unpublished
(02.11.2025).

Q 27.13 Tue 17:00 Philo 1. OG
Frequency Stabilization of a 1762 nm Diode Laser for Quan-
tum Logic Spectroscopy of Barium Ions — eHAN Bap, ALEXAN-
DER WINDT, WEI WU, and ToBias ScHAETZ — Physikalisches Insti-
tut, Albert-Ludwigs-Universitat Freiburg, Hermann-Herder Strafie 3,
79104 Freiburg, Germany

We report on the implementation of a frequency stabilization system
for a 1762 nm diode laser, a key component for advanced experiments
with trapped Barium ions 138Ba+. This laser wavelength is criti-
cal for exciting the ions from the 6S1/2 ground state to the long-
lived metastable 5D5/2 state, a necessity for resolve sideband cooling
and phonon number measurement. To achieve the required long-term
spectral stability and narrow linewidth, we have locked the laser to a
high-finesse, ultra-low expansion (ULE) glass cavity using the Pound-
Drever-Hall (PDH) technique. We will show the detailed the laser
system design, the characterization of the ULE reference cavity, and
the implementation of the PDH locking electronics. We present a per-
formance analysis demonstrating a locked linewidth of < 1 kHz and
long-term frequency drift of < 0.1 MHz/hour. This stable 1762 nm
source is a cornerstone for our ongoing work on quantum logic spec-
troscopy of the Barium ion’s narrow optical quadrupole transition,
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paving the way for improved study of atom-ion collision between Bar-
ium and Rubidium.

Q 27.14 Tue 17:00 Philo 1. OG
How to overengineer an alkali vapor cell characterization
system? — eINnco HiLscueENz!'2, MarvIN KEssLEr?3, FOLKE
DENCKER?®, JENs VoiaT?, PETER KRUGER?, and ILiA GERHARDT!
— llight & matter group, Institute for Solid State Physics, Leibniz
University Hannover, Appelstrasse 2, D-30167 Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Abbestrafie 2-12, D-10587
Berlin, Germany — 3Institute of Micro Production Technology, Leib-
niz University Hannover, An der Universitdt 2, D-30823 Garbsen, Ger-
many

Hot alkali vapor cells are very versatile in quantum sensing. Their
applications cover laser locking, wavelength filters, time standards,
and magnetic sensors. Therefore, micro-fabricated cells which deliver
highly reproducible specifications are very sought after. As each appli-
cation has its own requirements, a means of quality control is essential.
For example, high vapor pressures might be ideal for a SERF magne-
tometer, but are less desirable for Doppler-free laser locking. We dis-
cuss the quality measures for atomic vapor cells for their specific use.
A mostly automated system that combines absorption spectroscopy
(Doppler and Doppler-free), longitudinal, and transversal relaxation
time measurements are presented. The figures to checks the cell’s suit-
ability for magnetometers are discussed in detail. Our system can
automatically record spectra around the D1 and D2 lines of rubidium,
scan the most relevant parameters, and adapts easily to varying cell
shapes.

Q 27.15 Tue 17:00 Philo 1. OG
Precision spectroscopy of highly charged ions — e AMIR KHAN!,
MarTe WEHRHEIM!, SHUYING CHEN!, Lukas J. Spiess!, ALEXAN-
pER WiLzEwski!, José R. C. Lo6pez-UrruTia2, and PierT O.
ScumipT!3 — 1Physikalisch Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany — 2Max-Planck Institut fiir Kern-
physik, Saupfercheckweg 1, 69117 Heidelberg, Germany — 3Institut
fiir Quantenoptik, Leibniz Universitdt Hannover, Appelstrafie 2, 30167
Hannover, Germany

The large binding energy of the remaining electrons in highly charged
ions (HCI) makes highly charged ions ideal candidates for applica-
tions in frequency metrology and the probing of fundamental physics
[1]. So far, we have realized Ar'3t and Ca'#t optical clocks with
an uncertainty of 10716 limited by statistics [2, 3]. In this work we
demonstrate how we can overcome this limitation by using a new spec-
troscopy species Nit2t. We report the identification of the clock [4] and
logic transitions and the progress towards a clock with expected sys-
tematic and statistical uncertainties at the low 10718 level. Finally, we
introduce Os'6t as a promising contender for an optical clock. Os16+
features more than three clock transitions, with expected small sys-
tematic uncertainties and featuring narrow linewidths. References: [1]
M. G. Kozlov, M.S. Safronova, et al., Rev. Mod. Phys. 90 (2018) [2]
S. A. King, L. J. Spiess, et al., Nature 611, 43 (2022) [3] A. Wilzewski,
et al., Phys. Rev. Lett. 134, 233002 (2025) [4] C. Cheung, et al., Phys.
Rev. Lett. 135, 093002 (2025)

Q 27.16 Tue 17:00 Philo 1. OG
Towards a Quantum Logic Clock for Precision Spectroscopy
of Highly Charged Heavy Ions — eNaDpINE HomBURGH2:3, LUukas
Kaub23 Hirosar Havakawal:2:3 ZoraN ANDELKOVICZ, THOMAS
SToHLKER!2:34 and PeTeEr Mickr!:2:34 — l1Helmholtz Institute
Jena — 2GSI Helmholtz Centre for Heavy Ion Research, Darmstadt
— 3Friedrich Schiller University Jena — “Abbe Center of Photonics,
Jena

Quantum logic spectroscopy (QLS) has driven significant advances in
optical frequency metrology by enabling optical clocks based on ions
that lack direct laser cooling and state detection transitions. Heavy
highly charged ions (HCIs) offer optical transitions with strongly sup-
pressed systematic shifts and enhanced sensitivity to fundamental
physics. Substantial progress on medium-mass HCIs has been demon-
strated, but extending QLS to the heaviest HCIs remains an open chal-
lenge. In this contribution, we present our experimental setup for QLS
on heavy HCIs, specifically targeting the optical hyperfine-structure
transition in 207Pb81% at 1019.7 nm. The experiment, located at GSI
in Darmstadt, will provide suitable cryogenic trapping conditions for
such extreme charge states. A monolithic linear Paul trap is under
development for reduced excess micromotion and trap-related system-
atic effects. Additionally, the setup includes laser systems for in-situ

production of the logic ion Be™, laser cooling to the motional ground
state, and coherent manipulation of qubit and HCI clock transitions.

Q 27.17 Tue 17:00 Philo 1. OG

Development of a cryogenic XUV-comb spectroscopy setup

for the 229Th nuclear isomer — ®ANANT AGARWAL!, LENNART

cuTH!, TOBIAS HELDT!, FLORIAN ZACHERLZ, THORSTEN SCHUMMZ,
LARS VON DER WENSE2, THOMAS PFEIFER!, and JOSE R. CRESPO
LO6PEZ-URRUTIA! — ! Max-Planck-Institut fiir Kernphysik, Heidelberg,
Germany — 2Johannes Gutenberg University Mainz, Germany —

3Vienna University of Technology, Austria

The laser-accessible (148 nm) nuclear transition in 229Th offers in-
triguing pathways for fundamental physics research and development
of novel frequency standards. We aim to investigate the temperature
dependence of the transition frequency and variations in the decay
time at cryogenic temperatures. In this work, we describe a setup
designed to excite the nuclei of Th** ions embedded in a Th:CaF2
crystal cooled in a helium cryogenic environment, using an extreme-
ultraviolet (XUV) frequency comb. The XUV comb is generated as the
7t" harmonic of a near-infrared frequency comb through intra-cavity
high harmonic generation.

Q 27.18 Tue 17:00 Philo 1. OG
Development of a YBCO-based step-up resonator for
cryogenic Paul traps — eHirosur Havakawal2:3 NaDINE
HomBurg 23, ELENA JorDAN®, Lukas Kaul23 and PETER
Mickge!2:3:4 — 1Helmholtz Institute Jena — 2GSI Helmholtz Centre
for Heavy Ion Research, Darmstadt — 3Friedrich Schiller University
Jena — %Abbe Center of Photonics, Jena — ®Physikalisch-Technische
Bundesanstalt, Braunschweig

Step-up resonators are used to drive Paul traps at enhanced radio-
frequency voltages; they additonally filter electrical noise and can re-
duce ion heating. Cryogenic setups typically offer improved passive
temperature stability and thus result in inherently more stable trap
drives. Despite these advantages, the permissible thermal load is lim-
ited and must be minimised. For these reasons, a high Q-factor be-
comes of paramount importance.

Exploiting the cryogenic environment, we are developing a step-up
resonator based on the high-temperature superconductor YBCO. We
aim at a high trap-drive frequency of up to 50 MHz for quantum logic
spectroscopy with Be™T ions in the Lamb-Dicke regime. This demands
an exceptionally high Q-factor to compensate for the high trap-drive
frequency with a sufficiently large trap voltage for a given trap param-
eter q.

Q 27.19 Tue 17:00 Philo 1. OG
Buffer-Gas Positron Source for Loading a Dual-Frequency
Paul Trap — eMOHAMMADREzZA NEMATOLLAHI}'2:3 VLADIMIR
MiknaiLovskiih23, Nartarua Suerul?3, Zumene Xue®, K. T
Saryaste®, CHRiSTIAN SMORRAZ7, GUNTHER WERTH®, HARTMUT
HArFrNER?, FERDINAND ScHMIDT-KALER3, HENDRIK BEKKERDZ3,
and DmiTry Bupker!:2:34 — 1Helmholtz-Institut Mainz, 55128
Mainz, Germany — 2GSI Helmholtzzentrum fur Schwerionenforschung
GmbH, 64291 Darmstadt, Germany — SQUANTUM, Institut fur
Physik, Johannes Gutenberg-Universitat, 55128, Mainz, Germany —
4Department of Physics, University of California, 94720-7300, Berke-
ley, USA — 5University of Science and Technology of China, Heifie,
China — SDelta Q, IMJ Institute of Research & Department of Physics
— THeinrich Heine University Dusseldorf, 40225 Dusseldorf, Germany

A dual-frequency trap has been proposed for confining antimatter to
enable high-precision measurements [1]. This system is intended to co-
trap positrons and antiprotons to form antihydrogen. In this work, we
present an approach for generating low-energy bunches of positrons
and delivering them into the trap. We simulated positron decelera-
tion and bunching in a buffer-gas trap under various conditions. Our
presented trap design and performance are informed by these simula-
tions. We furthermore discuss several prospective methods to inject
the positrons into the Paul trap.
1. N. Leefer, et al. Hyperfine Interact 238, 12 (2017)

Q 27.20 Tue 17:00 Philo 1. OG
The superconducting resonator Paul trap: status and devel-
opments — eRUBEN B. HENNINGER, EtwiN A. Dijck, VERA M.
SCHAFER, DEVANARAYANAN RAJEEB KUMAR, SEBASTIAN DAVIDSON,
K SureEvya Rao, Tnomas PreIFER, and Josg R. Crespo LOPEz-
URrRRUTIA — Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many
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Quantum logic spectroscopy of highly charged ions (HCIs) offers sensi-
tivity to variations of fundamental constants and tests of bound state
QED in extreme fields, while offering intrinsically low polarizability
and therefore suppressed resonance shifts. This makes HCIs prime
candidates for next generation clocks and precision tests. In order to
accomplish this, a cryogenic trap setup that integrates a linear Paul
trap into a superconducting RF resonator was developed. The first
generation system provides intrinsic RF filtering, magnetic self shield-
ing, and a stable quantization field with observed Ramsey coherence
times above 200ms on a B field sensitive transition. In addressing resid-
ual AC field systematics, potential control limits and retrapping ro-
bustness, a redesigned trap and resonator employ optimized electrode
geometry and upgraded cryogenics and optics. We present benchmark
results from the working setup and initial data from the new platform,
outlining a path to increased secular frequencies and lower magnetic
systematics for HCI QLS.

Q 27.21 Tue 17:00 Philo 1. OG
Mechanical structure for alignment of a microfabricated

cylindrical Penning trap — eMAREK Prasse!, JAN ScHAPER!,

Nikita Porsakovl, PuiLipp HorrMann!, Juria COENDERS!,

JuaNn MANUEL CorNEJO?, STEFAN ULMER3%, and CHRISTIAN
OspeELKAUS!"® — 1Leibniz Universitit Hannover — 2Universidad
de Cadiz, Spain — 3Ulmer Fundamental Symmetries Laboratory,
RIKEN, Japan — 4Heinrich-Heine-Universitit Diisseldorf, Germany

— SPhysikalisch-Technische Bundesanstalt, Braunschweig, Germany

As part of the BASE collaboration, we aim to contribute to CPT sym-
metry tests by high-precision (anti-)proton g-factor measurements(!-2],
We use a cryogenic multi-Penning trap and want to implement quan-
tum logic spectroscopy techniques with Bet as cooling and logic ion.
While optical sideband spectroscopyl®!, ground-state coolingl4!, and
fast adiabatic transport[5] of single ?Bet ions has been achieved, a
microfabricated cylindrical Penning trap (d = 800 um) will be added
for ground-state cooling and spin-state detection of (anti-)protons by
Coulomb coupling to 9Bet. Particle confinement during ion-transport
then requires a precise alignment with the magnetic field. We present a
custom-made two-axis mechanical feedthrough suitable for the ~ 40 kg
weight of the experimental structure and with low heat flow to the
cryogenic stages that has been designed and is in commissioning. .
Smorra et al., Eur. Phys. J. Special Topics 224, 3055-3108 (2015)
(213.M. Cornejo et al., New J. Phys. 23 (2021) B1J.M. Cornejo et al.,
Phys. Rev. Res. 5 (2023) [4]J.M. Cornejo et al., Phys. Rev. Res. 6
(2024) [5]M. v. Boehn et al., Comms. Phys. 8 (2025)
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Ground-state cooling of mixed-ion crystals in the intermedi-
ate Lamb-Dicke regime — eSEBASTIAN Davipson, EtwiN A. Di-
JCK, VERA M. ScHAFER, RUBEN HENNINGER, DEVANARAYANAN RaA-
JEEB KuMAR, SHREYA K. Rao, JosE R. CrEspo LOPEz-URRUTIA,
and THoMAs PrEIFER — Max-Planck-Institut fiir Kernphysik, Heidel-
berg

Ground-state cooling of motional modes in mixed-species ion crystals
is a key requirement for implementing quantum logic spectroscopy of
highly charged ions (HCIs). Building on our demonstrated ground-
state cooling of both single Bet ions and two-ion Bet crystals using
a combination of continuous sideband cooling on higher-order side-
bands and pulsed sideband cooling, we extend these techniques to a
Bet-Ar!3* two-ion crystal. Since our current trap operates in an in-
termediate Lamb-Dicke regime with n up to 0.7 for the mixed species
crystal, we explore adapted cooling strategies that remain effective
outside the Lamb-Dicke limit. We report our progress toward achiev-
ing ground-state cooling of axial modes of a Bet-Arl3t crystal under
these conditions, including characterization and optimization of cool-
ing sequences. These advances represent an essential step toward full
quantum logic spectroscopy of HCIs and the high-precision tests of
fundamental physics that they enable.
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Monolithic frequency doubling cavities for Beryllium pho-
toionization — eANTON J. STERR, MAGDALENA WINKELVOSS,
STEPAN KokH, SopHIA DoORRA, MELINA GizEwsKI, FINJA MAYER,
MaiLt ScHUBE, JosE R. CreEspo LOpPEz-URRUTIA, THOMAS PFEIFER,
and VERA M. ScHAFER — Max-Planck-Institut fiir Kernphysik, Hei-
delberg

High-precision spectroscopy of optical transitions in Cf15+ and Cf17+
is a promising tool to search for variations of the fine structure con-
stant [1]. To extract information from the californium ions, they are

co-trapped with a singly charged beryllium logic ion.

Beryllium is ionized via two-photon absorption that requires a con-
tinuous wave laser source at 235 nm. Building on an existing approach
[2], two monolithic cavities are designed to quadruple the frequency of
an infrared source at 940 nm using periodically poled KTP and BBO
crystals. We target at least 50 mW of UV power for a source of 1 W. To
achieve optimum conversion efficiency, simulations for different cavity
geometries are performed, taking thermal lensing effects into account.
We present power measurements and locking performance of the first
doubling stage.

[1] Kozlov, et al., Rev. Mod. Phys. 90, 045005 (2018)

[2] Hannig, et al., Rev. Sci. Instrum. 89, 013106 (2018)
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Laser stabilization for high-precision spectroscopy of highly
charged ions using an ultra-stable optical reference cavity —
eDEVANARAYANAN RAJEEB KuMmAR, RUBEN B. HENNINGER, ELwiN
A. Duck, SHREYA Rao KobpancHA, SEBAsSTIAN DavipsonN, VERA M.
SCHAFER, JosE R. Crespo LOpPEz-URRUTIA, and THOMAS PFEIFER
— Max-Planck-Institut fiir Kernphysik, Heidelberg

Frequency metrology of clock transitions requires lasers of sub-hertz
linewidth and exceptional frequency stability. For our work with highly
charged ions, an ultra-stable, high finesse optical reference cavity was
developed and is operated near room temperature to stabilize our
lasers. Our ultra-low-expansion glass Fabry-Pérot etalon achieves a
projected noise floor of 3.6 x 10716 relative frequency uncertainty at
1 second - approaching that of state-of-the-art cryogenic silicon cavi-
ties. Additional stabilization techniques are implemented to suppress
residual technical noise: Fiber-induced phase noise is actively can-
celed, laser power is stabilized to improve the fidelity of the cavity
lock, and residual amplitude modulation is minimized through active
control of the electro-optical modulator operating point. A frequency
comb is then phase-locked to the cavity stabilized laser which enables
low-noise frequency transfer to a spectroscopy laser. The resulting
stabilized laser system should provide the stringent frequency stability
and linewidth requirements needed for highly charged ion spectroscopy.
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Characterising Atomic Hydrogen beam for precision spectro-

scopic experiment — eSURABHI DEsHPANDE!'2, DERyA TARAY!,
1 1

VINCENT WEIs!, PATRICK ScHAILE!, ALEXANDER WILZEWSKI!,

OMER AmIT!, Vitary WirrHL!, THEODOR W. HAinscu!2, and
Tuomas Upemb2 — IMax Planck Institute for Quantum Optics
(MPQ), Garching, Germany — 2Department of Physics, Ludwig-

Maximilians-Universitat, Munich, Germany

Precision Spectroscopy of atomic hydrogen is a promising approach
for measuring fundamental constants and testing QED due to the very
simple structure of the atom. One of the most vital demands for such
experiments is a stable source of atomic hydrogen and a method of
precisely quantifying the atomic hydrogen population. In this poster,
I will give an overview of the methods I attempted to characterise
our atomic hydrogen beam in the 1S-3S Direct Frequency Comb Spec-
troscopy Experiment at MPQ. This includes Optical Emission Spec-
troscopy of the hydrogen plasma used to dissociate molecular hydro-
gen to atomic hydrogen, to compare optical emissions of atomic and
molecular hydrogen, i.e., Balmer lines and Fulcher bands. In addition,
a Calorimetric Wire Detector is being developed for in situ detection
of atomic hydrogen. It is based on the resistance change of a very
thin wire due to the heat released from the recombination of atomic
hydrogen on its surface. I will present preliminary results from the
Calorimetric Wire Detector for qualitative detection of atomic hydro-
gen.
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High-resolution spectroscopy of 73Ybt ions — Jian Jianc!,
eANNA ViaTkiNal:2) SaaswarH JK!, MarTIN STEINEL!, MELINA

FiLzINGER!, EkkeHARD Prik!, SErRGEY PORsSEV3, MARIANNA
1,2 1

SaFroNovA®, ANDREY Surzuvkov!b?, and NiLs HUNTEMANN! —
I Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Technische Universitat Braunschweig, 38106 Braunschweig,

Germany — 3University of Delaware, Newark, Delaware 19716, USA

173Yb+ is a promising candidate for optical clocks, new physics
searches, and quantum computing. However, to date, the electronic
spectrum of 173Yb* remains poorly characterized due to its complex-
ity.

Here, we report on efficient laser cooling, state preparation, and de-
tection of a single trapped 73Yb™T ion. The previously unobserved
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25'1/2 — 2D3/2 electric quadrupole transition at 436 nm is coherently
excited, and the isotope shift between 171YbT and 173YbT on this
transition is determined with an uncertainty of 1.4 Hz. Using mi-
crowave spectroscopy, we resolve the hyperfine structure (HFS) of the
2Dy, state with a relative uncertainty below 1075.

Combining the HFS measurement data and our atomic structure
calculations, we infer for 173Yb a nuclear magnetic octupole moment
Q = —0.062(8) (bx pn) with uncertainty reduced by more than two or-
ders of magnitude compared to previous studies and determine hyper-
fine anomalies for the 25'1/2 and 2D3/2 states. These findings provide
further information on the nuclear deformation and nuclear magneti-
zation distribution of ytterbium.
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Spectroscopy of the 3[11/2}11/2 state in Ybt — eMonamED
EvsnorBacy, MELINA FILZINGER, MARTIN STEINEL, JIAN JIANG,
WiLLiaM EckNER, and NiLs HUNTEMANN — Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig
The 25 )5 — 2Fy 5 electric octopole (E3) transition in Yb¥, with its
exceptionally long excited-state lifetime and strong sensitivity to the
fine-structure constant «, has been used to set the most stringent limits
on its variations [PRL 130, 253001 (2023)]. These limits were derived
from frequency comparisons against the 25’1/2 — 2D3/2 transition of
the same ion. The precision achieved in the comparisons was limited by
the large quantum projection noise resulting from the 53 ms lifetime
of the 2Dy /2 state. A larger lifetime of several seconds is expected
for the 3[11/2]11/2 state that can be excited with laser radiation at
1094 nm from the 2F7/2 state. We present the current status of our
investigation and details of the corresponding probe laser system and
interrogation sequence.
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Characterization of an XUV Frequency Comb by Spec-
troscopy of Rydberg States — eLENNART GuTH, ToBIAS HELDT,
ANANT AcArRwAL, Lukas MarTt, JAN-HENDRIK OELMANN, NICK
LackMmaNN, THOMAS PFEIFER, and JosE R. CrEsPo LOPEZ-URRUTIA
— Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany

We aim to use ultra-narrow transitions in highly charged ions (HCI)
for novel frequency standards and fundamental physics studies. These
transitions occur in the extreme ultraviolet (XUV), where narrow-

bandwidth laser sources are unavailable. To address this, we built
an XUV frequency comb that transfers coherence from a near-infrared
(NIR) comb to the XUV via high harmonic generation (HHG) [1,2].
Using intra-cavity HHG, our system generates harmonics up to 40
eV with W power in each order. We propose resonance-enhanced
two-photon spectroscopy as a preliminary test towards spectroscopy
of HCI, aiming to resolve individual teeth of our XUV comb and char-
acterize its properties. In this approach, we excite neutral argon with
one photon from a referenced 13th harmonic comb tooth to a Rydberg
state, followed by ionization with a narrow-bandwidth continuous wave
NIR laser. We then use velocity-map imaging to record the momentum
of the released electrons, allowing us to identify the resonant Rydberg
state. [1]Opt. Express 29, Issue 2, pp. 2624-2636 (2021) [2]Rev. Sci.
Instrum. 95, 035115 (2024)
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Internal conversion of Thorium-229 upon laser photo-
excitation — eMarc SriTz!, DANIEL MoORITZ?, SHENGFENG
7ZENG3, FrRancEscA CaLEcAri', HanNEs HUBENER?, UMBERTO DE
Grovannint?, PETER G. THiroLF?, and ANDREA TRABATTONI! —
LCenter for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Notkestrafe 85, 22607 Hamburg, Germany —
2LMU Miinchen, Fakultét fir Physik, 85748 Garching bei Miinchen,
Germany — 3Shenzhen Geim Graphene Center, Institue of Materials
Research, Tsinghua Shenzhen International Graduate School, Tsinghua
University, Shenzhen 518055, China — 4Max Planck Institute for the
Structure and Dynamics of Matter and Center for Free-Electron Laser

Science, 22761 Hamburg, Germany

The low-energy isomeric transition of Thorium-229 and its dominant
internal-conversion (IC) decay channel provide a unique platform for
studying electron-nucleus interactions. Prior work indicates that the
IC decay can be strongly influenced by the electronic environment.
Here, we investigate the IC decay of Th-229 in the presence of an
ultraviolet (UV) laser field. Thorium atoms are deposited on a high-
bandgap surface to minimize hybridization with surface states. A UV
laser resonantly promotes an electron to the lowest excited atomic
state prior to nuclear decay. The resulting IC electrons are detected
via time-of-flight spectroscopy. By comparing laser-on and laser-off
measurements, we identify changes in the IC decay dynamics induced
by photo-excitation. This constitutes, to our knowledge, the first ex-
perimental study of laser-perturbed Th-229m IC nuclear decay.



