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Q 32: Precision Measurements and Metrology (Optical Clocks)

Time: Wednesday 14:00-16:00

Q 32.1 Wed 14:00 a310
Prospects of frequency distribution networks to validate and
reference satellite gravity prove Earth observation satellite
missions — STEFAN SCHRODER!, eSmmoN STELLMER?, and JURGEN
Kuscue! — !nstitut fiir Geoddsie und Geoinformation, Universitét
Bonn, Nussallee 17, 53115 Bonn — 2Physikalisches Institut, Univer-
sitdt Bonn, Nussallee 12, 53115 Bonn

Optical clocks have shown fractional instabilities in the range of 1018
and continue to be improved in terms of precision and accurary, up-
time, and transportability. Their "ticking rate" depends on the gravi-
tational redshift, which opens the possibility to deploy such clocks for
a measurement of the local gravitational potential. An ensemble of
optical clocks could provide a geopotential reference system.

Here, we investigate the prospects of an optical time and frequency
distribution network to provide a reference for satellite missions such
as GRACE, GRACE-FO and Next-Generation Satellite Missions. The
importance of such missions in the observation of mass transport re-
lated to climate change cannot be underestimated. New concepts to
provide ground validation and referencing for these missions are highly
desired.

Q 32.2 Wed 14:15 a310
Quintupling of a laser at telecom wavelength — eMavya BUki,
Davip ROsER, and SiMON STELLMER — Physikalisches Institut, Uni-
versitdt Bonn, Nussallee 12, 53115 Bonn

The demand for highly accurate frequency standards has lead to the
development and improvement of optical clocks. For a broad spectrum
of applications, also outside of the laboratory, an improvement of al-
ready existing optical clocks is required. The 1Sg — 3P transition in
zinc could form the basis of such a novel optical clock.

The advantage of zinc is that the clock transition at 309.5 nm and
the intercombination line 1Sy — 3P; at 307.6 nm can be derived as the
fifth harmonic of a laser at telecom C-Band wavelength, which allows
transfer of the clock signal via optical fibres.

We report on the development of a frequency quintupled diode laser
at 1538 nm using three frequency conversion stages in nonlinear crys-
tals.

Q 32.3 Wed 14:30 a310
Rubidium vapor-cell frequency references based on 5S to
6P transitions — eJuLiEN KLuGE!, KrAUS DOHRINGSHOFFDL2,
ConNy Graser?, FLoriaN KarLEwskr?, JENs GRIMMEL?, MANUEL
Kaiser3, ANDREAs GUONTHER3, HELGE HATTERMANNS, JOzSEF
ForticH®, and Markus Krurzik!'2 — llnstitut fiir Physik,
Humboldt-Universitit zu Berlin — 2Ferdinand-Braun-Institut,
Leibniz-Institut fiir Hochstfrequenztechnik, Berlin — 3Center for
Quantum Science, Physikalisches Institut, Eberhard Karls Univer-

sitit Tiibingen — 4HighFinesse GmbH

Optical frequency standards based on spectroscopy of Rubidium va-
por benefit from high component technology readiness level, allow for
vapor-cell micro-integration and therefore physics package miniaturiza-
tion. In this presentation, we discuss the optical properties of Rubid-
ium beyond the D1/D2 line and show recent results of high precision
absolute frequency measurements of the 6P manifold in conjunction
with hyperfine structure constants evaluation. Additionally, we give
an overview of two concepts we currently study for future compact
frequency references onboard small satellites. One is based on direct
modulation transfer spectroscopy of the 55 — 6P transition using GaN
based diode laser operating at 420 nm and the other on spectroscopy
of the two-photon transition from 55 — 5D at 778 nm.

This work is supported by the DLR with funds from the BMWi un-
der grant number 50WM1857, 50RK1971 as well as by the DFG (SSP
1929 GiRyd and CIT) and BMBF (FKZ: 13N14903). C. Glaser would
like to thank the Evangelische Studienstiftung Villigst e.V.

Q 32.4 Wed 14:45 a310
Progress towards a frequency measurement campaign for
magnesium lattice clock — eNanpanNn Jua, Dowminika Fiu,
STEFFEN SAUER, WALDEMAR FRIESEN-PIEPENBRINK, KLAUS ZIPFEL,
WoLrrcaNnGg ERTMER, and ERNST MARIA RASEL — Institut fiir Quan-
tenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167 Han-
nover, Germany

Location: a310

The 1Sg - 3Pg clock transition of Mg with much lower sensitivity to
black body radiation compared to Sr and Yb could be interesting for
future room temperature optical clocks. In Hannover, we therefore
are working on the development of a bosonic magnesium optical lat-
tice clock. We have previously reported on using a two stage MOT
to load 10% atoms into an optical lattice operating at the magic wave-
length of 468 nm where the optical lattice potential generated inside
an enhancement cavity allows us to perform spectroscopy in the Lamb
Dicke regime. In 2017, we performed the first frequency measurement
for the 1Sg - 3Pg clock transition in the 10~1% regime. In this con-
tribution, we will discuss our recent spectroscopy measurements with
a resolved clock transition linewidth of 7(3) Hz, which allows us to
perform self-comparison measurements with a precision in the 1017
regime. We have therefore been able to determine some of the sys-
tematic frequency shift contributions with an uncertainty in the 1017
regime as well. We will give details on these preliminary measurements
for the uncertainty budget as we progress towards our next frequency
measurement campaign.

Q 32.5 Wed 15:00 a310
Exploring zinc as a possible candidate for optical clocks —
eDaviD ROSER, Maya BUki, and SiMON STELLMER — Physikalisches
Institut, Universitdt Bonn, Nussallee 12, 53115 Bonn

Recent advances in the development of optical clocks including the
exploration of various atomic platforms lead to impressive fractional
precision of frequency measurements.

Although many alkaline-earth like elements (group Ila & IIb) are
investigated with regard to possible clock performance, zinc has never
been investigated experimentally.

We report on the advantages of using zinc and present the status of
our experiment probing suitable concepts of constructing a zinc clock.

Q 32.6 Wed 15:15 a310
Towards a strontium beam optical frequency reference based
on the 'Sy — 3P; intercombination line on a sounding
rocket — eMarriN JuTisz!, OLIVER Farrmann!, ConNrap L.
ZIMMERMANN', FrRANZ B. GuTscu!, VLADIMIR SCHKOLNIK!, FRED-
ERIK BOHLE2, MarTHIAS LEZIUS?, AEMAD Bawamia®, CHRISTOPH
PyrLik®, AcHiM PrTeErs'3, RoNALD HoLzZWARTH?, ANDREAS
Wicnt?, and Markus Krutzik!® — 1Humboldt Universitit zu
Berlin — 2Menlo Systems GmbH, Martinsried — 3Ferdinand-Braun-

Institut, Leibniz-Institut fiir Hochstfrequenztechnik, Berlin

Compact and rugged optical clocks and frequency references receive
increased attention with respect to spaceborne operation as inter-
spacecraft ranging often relies on frequency stabilized lasers and op-
tical clocks are candidates for next-generation GNSS core equipment.
In the OPUS project, we are working towards a compact sounding
rocket payload consisting of a strontium beam optical frequency refer-
ence and a frequency comb. We utilize the 7.5kHz broad 1Sg — 3P;
intercombination line in 38Sr for Ramsey-Bordé interferometry with a
pre-stabilized 689 nm ECDL. Furthermore, we employ electron shelv-
ing detection on the 32MHz broad 'Sy — 'P; line at 461nm for
reading out the interference fringes. We will give an overview on the
system architecture, present first results of the ground testbed activi-
ties and discuss an expected error budget. This work is supported by
the German Space Agency (DLR) with funds provided by the Federal
Ministry of Economics and Technology (BMWi) under grant number
DLR50WM1851-53.

Q 32.7 Wed 15:30 a310
Control of mixed Coulomb crystals in a multi-ion clock —
eHArRTMUT NiMROD HAUssErR, TABEA NORDMANN, JAN KIETHE,
Leon ScuHoMmBURG, and Tanja E. MEHLSTAUBLER — Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Ger-
many

The relative uncertainty of a few 1071% of state-of-the-art single-ion
optical clocks paves the way for new applications such as relativistic
geodesy, resolving height differences with cm-precision [1] and for the
search of physics beyond the standard model, e.g. for dark matter [2].
In order to resolve the atomic frequencies in shorter time the concept
of the multi-ion clock was proposed [3]. Here we present the progress
towards an '5Int-multi-ion clock. In our approach, we trap '5In*
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and 172Yb™ ions in a chip-based linear Paul trap forming a mixed
Coulomb crystal. The InT /Yb™-configuration is optimized in terms of
cooling time and reproducibility. We present the deterministic load-
ing of a controlled number of In* and Yb™ ions and reordering after
collisions with background gas. Finally, we will discuss the estimated
uncertainty of the indium multi-ion clock for our experimental setup.

This project has received funding from the European Metrology Pro-
gramme for Innovation and Research (EMPIR) co-financed by the Par-
ticipating States and from the European Union’s Horizon 2020 research
and innovation programme (Project No. 17FUNO7 CC4C).

[1] T.E. Mehlstdubler et al., Rep. Prog. Phys. 81, 6 (2018).

[2] A. Derevianko, Phys. Rev. A 97, 042506 (2015)

[3] C. Champenois et al., Phys. Rev. A 81, 043410 (2010).

Q 32.8 Wed 15:45 a310

Charactarization of a segmented multi-ion trap for trans-
portable optical clocks with low micro motion — eHENDRIK

SieBENEICH!, FLORIAN KOPPEN', PEDRAM YAcHOUBI!, MICHAEL

1 1 BRINKMANNZ,

JOHANNING', CHRISTOF WUNDERLICH', MALTE
ALEXANDRE DipIER2, TANJA MEHLSTAUBLER?, STEFAN BRAKHANES,
and DIETER MEScHEDE? — ! Universitit Siegen — 2Physikalisch Tech-

nische Bundesanstalt — 3Toptica — 4Universitit Bonn

Single ion clocks can serve as one of today’s best frequency standards
with an accuracy of order 10718 [1]. Developing a transportable optical
ion clock using the 2S; /5 - 2D3/5 resonance with wavelength near 436
nm in a single 171Yb¥ ion is the goal of the opticlock [2] consortium.
As part of this project we develop a next-generation set-up employing
a linear multi-ion trap in order to reduce the measurement time nec-
essary to reach a desired uncertainty. For a beneficial operation of a
multi-ion clock, the rate of collisions with background gas has to be
kept small. Also, sufficiently low micromotion has to be ensured for
all ions in a linear ion crystal. With focus on these aspects, we present
the status of the experimental setup, and characterize its operation.
(1] N. Huntemann et al., Phys. Rev. Lett. 116, 063001

[2] https://www.opticlock.de; opticlock is supported by the bmbf un-
der grant no. 13N14385.



