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Q 13.1 Mon 17:00 a310
Comparison of a 1"1Yb™ single ion clock and a 37Sr lattice
clock with 2 x 10717 uncertainty — eNiLs HUNTEMANN, SOREN
DORscHER, ALl AL-Masoupi, SEBASTIAN HAFNER, CHRISTIAN GRE-
BING, BURGHARD L1PPHARDT, CHRISTIAN TAMM, UWE STERR, CHRIS-
TIAN LispaT, and EKKEHARD PEIK — Physikalisch-Technische Bun-
desanstalt, Bundesallee 100, 38116 Braunschweig, Germany

We report on a comparison of two optical clocks based on the 281/2 >
2F7/2 transition of a single 17?Yb1 ion stored in a radio-frequency
Paul trap and on the 1Sg <+ 3Pq transition of thousands of 87Sr atoms
confined in an optical lattice. While the lattice clock achieves fre-
quency instabilities smaller than 2 x 10716/, /7 /s, a systematic uncer-
tainty of 3 x 10~1® has been reported for the ion clock. From more
than 80 h of acquired data, we determine the frequency ratio of the
two clocks with a fractional uncertainty of 2.4 x 10~17. This is the
smallest uncertainty achieved between clocks of different types to date
and enables consistency tests in other laboratories developing the same
combination of optical clocks. Moreover, the experiment is well suited
to search for temporal variations of the fine structure constant o due
to the large sensitivity of the E3 transition frequency. Data from this
measurement and a similar one performed 2.5 years earlier constrain a
potential linear drift &/« to below 1 x 10717 /yr.

This work is supported by QUEST, the DFG within CRC 1128 (geo-
Q) and RTG 1729, and the EMRP within ITOC and QESOCAS. The
EMRP is jointly funded by the EMRP-participating countries within
EURAMET and the European Union.

Q 13.2 Mon 17:15 a310
The magnesium optical lattice clock at the IQ — eDoMINIKA
Fim, STEFFEN RUHMANN, Kraus ZipreEL, NANDAN JHA, STEFFEN
SAUER, ANDRE KuLosa, WoLFGANG ERTMER, and ErNsT M. RASEL
— Leibniz Universitdt Hannover, Institut fiir Quantenoptik, Hannover

Optical lattice clocks based on fermionic strontium already reached un-
certainties in the low 10~1® regime and are studied among others by
JILA and NIST. In Hannover at the IQ, we operate an optical lattice
clock based on bosonic magnesium atoms. Magnesium has a relatively
simple electronic structure and hence allows for the implementation of
very precise atomic structure models.

Recent measurements of the magic wavelength, which we could de-
termine to 468.48(21) nm, and the 2" order Zeeman shift were limited
due to tunneling effects which results in a 10 kHz broad clock transi-
tion linewidth. In this presentation we will give a status update, where
we will report on the optical lattice with a reduced tunneling rate and
in this context more accurate measurements on the magic wavelength
and the 24 order Zeeman shift. We also prepare the optical lattice
clock for a frequency measurement and will give the first estimations
for the frequency accuracy for our apparatus.

Q 13.3 Mon 17:30 a310
A strontium-based atomic breadboard for the Space Opti-
cal Clock mission on the ISS — eSTEFANO ORIGLIA', STEPHAN
ScHILLERY, LyNDsiE SMiTHZ, YESHPAL SINGHZ, DARIUSZ SWIERADZ,
SruTHI Viswam?, Wer Hg2, Josaua Huces?, Kal Bonas2, Uwe
STERR?, CHRISTIAN LispaT?, STEFAN VoaT?, and THE SOC2 TEAM!
— 1HHU, Diisseldorf, Germany — 2University of Birmingham, UK —
3PTB, Braunschweig, Germany

The rapid improvement in the performance of optical clocks are open-
ing the door to new technological and scientific applications. Ultra-
precise optical clocks in space will allow many experiments, as in the
field of fundamental physics (Einstein’s gravitational time dilation),

Location: a310

time and frequency metrology (comparison between ground clocks us-
ing a master clock in space), geophysics (space-assisted relativistic
geodesy) and astronomy (local oscillators for radio ranging and in-
terferometry in space). The ESA candidate mission Space Optical
Clocks project aims at operating an optical lattice clock on the ISS in
approximately 2022.

Within an EU-FP7-funded project, a compact and robust strontium
optical lattice clock demonstrator is being developed with a goal insta-
bility of 1 x 10~197=1/2 and a goal inaccuracy of 5 x 10~17. For the
design of the clock, techniques and approaches suitable for later space
application are used, such as modular design, diode lasers, low power
consumption, and compact dimensions. The atomic part is operative
at the point where atoms are reliably trapped into the optical lattice.
The latest results and future perspectives will be presented.

Q 13.4 Mon 17:45 a310
Squeezed vacuum for sub-shot-noise frequency metrology —
olLka Kruse!, KarsTeN Lange!, Jan Prise!, BErnD LUckE!,
Luca Przzi?, JaN ArrLT®, Worrgancg ErTMmER!, Luis SanTos?,
Avucusto SMERzI?, and CARSTEN KLEMPT! — llnstitut fiir Quan-
tenoptik, Leibniz Universitit Hannover, Germany — 2QSTAR, INO-
CNR and LENS, Firenze, Italy — 3Institut for Fysik og Astronomi,
Aarhus Universitet, Denmark — “Institut fiir Theoretische Physik,
Leibniz Universitat Hannover, Germany

All interferometers with classical input states are limited by the shot-
noise limit due to the finite particle number. In particular, this ef-
fect imposes a limitation for the stability of state-of-the-art atomic
microwave clocks. In optics, squeezed vacuum is widely used to over-
come this limitation and to operate interferometers beyond the shot-
noise limit. Here we create a squeezed vacuum state in an ultracold
atomic ensemble by spin-changing collisions. We employ this entangled
state to demonstrate a sub-shot-noise frequency measurement in 8”Rb.
Our frequency measurement shows a minimal fractional instability of
6.1 x 10710 and a sensitivity of 1.5 dB below shot-noise.

Q 13.5 Mon 18:00 a310
Decoherence related limitation of light shift immune Ramsey
schemes — oSERGEY KuznETsov!h2, NiLs HUNTEMANN!, CHRISTIAN
SANNER!, BURGHARD LipPHARDT!, CHRISTIAN TamMm!, and EKKE-
HARD Prik! — !Physikalisch-Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany — 2Institute of Laser Physics SB
RAS, Novosibirsk 630090, Russia

Over the last years generalizations of Ramsey’s method of separated os-
cillatory fields were proposed that provide immunity to probe-induced
frequency shifts [1-3]. They are of particular importance for opti-
cal clocks, based on strongly forbidden transitions, where the probe
light field induces a significant light shift via non-resonant coupling to
higher lying levels. We apply such a technique for our optical clock
based on the 281/2 <~ 2F7/2 transition of a single 171Yb¥ ion stored
in a radio-frequency Paul trap [4]. Heating of the ion’s motion during
the probe period, however, degrades the cancellation of the light shift.
We present a theoretical investigation of the effect and compare it
with experimental data. We furthermore present a way to compensate
for the effect of motional heating.

S.K. acknowledges the DAAD (German Academic Exchange Service)
for financial support.
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