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A 13: Precision Measurements and Metrology: Interferometry | (with Q)

Time: Tuesday 11:00-13:00

A 13.1 Tue 11:00 P 104
Challenging Einstein with Very Long Baseline Atom Inter-
ferometry — eETIENNE WODEY, CHRISTIAN MEINERS, DOROTHEE
TELL, DENNIS SCHLIPPERT, CHRISTIAN SCHUBERT, WOLFGANG ERT-
MER, and ErNsT M. RaserL — Institut fiir Quantenoptik, Leibniz
Universitat Hannover, Welfengarten 1, 30167 Hannover

In the quest for a theory of quantum gravity, most of the theoretical
attempts to reconcile two of physics’ most successful theories, quantum
mechanics (QM) and general relativity (GR), build upon a violation
of Einstein’s equivalence principle. Considerable experimental effort
to detect potential violations of the universality of free fall (UFF) has
therefore been delivered, first using classical test masses and more re-
cently with genuine quantum objects.

Very Long Baseline Atom Interferometers (VLBAI) represent a new
class of matter-wave sensors that extend the baseline from tens of cen-
timeters to several meters, enabling free fall times on the order of
seconds and a corresponding increase in the phase sensitivity which
scales with the square of the free fall time. Using ultracold mixtures of
rubidium and ytterbium atoms, this should not only enable quantum
tests of the UFF challenging the current state of the art with classical
test masses but also permit new experiments ranging from gravimetry
and gradiometry with unprecedented resolution and stability to new
probes of the intimate interplay between GR and QM.

The VLBALI facility is a major research equipment funded by the
DFG. We also acknowledge support from the CRCs 1128 "geo-Q" and
1227 "DQ-mat" and the RTG 1729.

A 13.2 Tue 11:15 P 104
Operating an interferometer in a noisy environment —
eDipPANKAR NATH, HENNING ALBERS, CHRISTIAN MEINERS, LOGAN
L. RicHARDSON, DENNIS SCHLIPPERT, CHRISTIAN SCHUBERT, ETI-
ENNE WoODEY, WoLFGANG ERTMER, and ErRNsT M. RASEL — Insti-
tut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1,
30167 Hannover

Inertial sensitive devices such as atom interferometers are prone to
seismic noise. Atom interferometers with longer baselines are particu-
larly susceptible to very low frequency noise where vibration isolation
platforms are not very efficient. Using a mechanical sensor like a seis-
mometer, one can correct the contribution from residual vibrations [1].
We demonstrate seismic post correction in an atom interferometer with
2T=152 ms by correlating the atom interferferometer (operated using
cold 8"Rb atoms) with a Guralp CMG-40T seismometer and show a
two fold improvement in the short term stability using the post cor-
rection scheme. Such a scheme will also be implemented in the Very
Long Baseline Atom interferometer (VLBAI) [2]. Seismic post correc-
tion will also be used to improve the test of the Universality of Free
Fall in a dual species atom interferometer employing 8’Rb and 39K as
test masses [3,4]. Post correction schemes such as this will also be used
in atom interferometry based transportable gravimeters in the future.

[1] L. Le Gouét et al., Appl. Phys. B 92, 133 (2008)

[2] J. Hartwig et al., New J. Phys. 17, 035011 (2015)

[3] D. Schlippert et al., Phys. Rev. Lett. 112, 203002 (2014)

[4] B. Barrett et. al., arXiv 1609.03598v1

A 13.3 Tue 11:30 P 104
Trade-off of atomic sources for extended-time atom interfer-
ometry — oSINA LoRriaNI, DENNIS SCHLIPPERT, CHRISTIAN SCHU-
BERT, ERNST MARIA RASEL, and NACEUR GaaLouL — Leibniz Uni-
versity of Hanover, Germany

Proposals for atom-interferometry based sensors designed to detect
gravitational waves or testing the universality of free fall assume
unprecedented sensitivity for long interferometry times [Hogan et
al., Phys. Rev. A 94, 033632, (2016)]. These long drift times
of several seconds can be achieved by operation in microgravity
and by using phase-space-manipulation techniqes like the delta-kick-
collimation(DKC), which drastically reduces the expansion rate of
atomic samples [Miintinga, et al. Phys. Rev. Lett. 110, 093602
(2013), T. Kovachy et al., Phys. Rev. Lett. 114, 143004 (2015)].
We present a set of theoretical models that treat the impact of colli-
sions and mean-field on the performance of the kick and compare the
efficiency of the collimation for all possible temperature and density
regimes. The theoretical study covers commonly used alkaline and

Location: P 104

alkaline-earth-like ensembles of atoms (Rb, Sr, Yb, etc.). The figure
of merit is the size of the ensemble when being lensed as the atomic
lenses are subject to aberrations depending on the spatial extent of
the cloud and the potentials being used. The analysis shows a clear
advantage when using condensed ensembles.

A 13.4 Tue 11:45 P 104
Infrasound gravitational wave detection with atoms —
e CHRISTIAN SCHUBERT, DENNIS SCHLIPPERT, SVEN ABEND, NACEUR
GaaLouL, WOLFGANG ERTMER, and ErRNST M. RAseL — Institut fiir
Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167
Hannover

Atom interferometry offers an interesting perspective for the detection
of gravitational waves in a frequency band between eLISA and Ad-
vanced LIGO, resulting in an active field of research. Ground based
setups with vertical or horizontal baselines were considered, satellite
missions investigated, and interferometer topologies developed. We in-
vestigate a novel geometry for a ground based device combining several
advantages as a horizontal baseline, enabling long baselines, a single
axis laser link between the atom interferometers acting as phasemeters,
and suppressing errors sources otherwise implying very strict require-
ments onto the atomic source. It is based on recent developments in
symmetric large momentum beam splitters, relaunching techniques for
suspending the atoms against gravity, and delta-kick collimation tech-
niques to generate very slowly expanding atomic ensembles. The idea
will be presented and the requirements discussed in comparison with
previous proposals and the state of the art in atom optics. The work is
supported by the CRC 1227 DQ-mat, the CRC 1128 geo-Q, the RTG
1729, the DFG Excellence Cluster QUEST, the QUEST-LFS, and by
the German Space Agency (DLR) with funds provided by the Federal
Ministry of Economic Affairs and Energy (BMWi) due to an enactment
of the German Bundestag under Grant No. 50WM1552-1557.

A 13.5 Tue 12:00 P 104
First gravity gradient measurements with the gravimet-
ric atom interferometer GAIN — eBasTiaN LEYKAUF, CHRIS-
TIAN FREIER, VLADIMIR SCHKOLNIK, MATTHIAS HAUTH, MARKUS
Krutzik, and AcHiM PETERs — Institut fiir Physik, Humboldt-
Universitat zu Berlin

The gravimetric atom interferometer GAIN is based on interfering en-
sembles of laser-cooled 87Rb atoms in a fountain setup, using stimu-
lated Raman transitions. GAIN’s rugged design allows for transports
to sites of geodetic and geophysical interest while maintaining a high
accuracy compatible with the best classical instruments. Its long-term
stability of 0.5nm/s? and the effective control over systematic effects,
including Raman beam wavefront aberrations, has previously been re-
ported [1,2], demonstrating the unique properties of atomic sensors.
By using the juggling technique, we are able to perform gravity mea-
surements on two atomic clouds simultaneously. Advantages include
the suppression of common mode phase noise, enabling differential
phase shift extraction without the need for vibration isolation. We
will present the results of our first gravity gradient measurements.

[1] Schkolnik et al. The effect of wavefront aberrations in atom inter-
ferometry, Applied Physics B (2015)

[2] Freier et al. Mobile quantum gravity sensor with unprecedented
stability, Journal of Physics: Conference Series (2016)

A 13.6 Tue 12:15 P 104
Transportable Quantum Gravimeter — QG-1 — eMARAL
SAHELGOzIN!, JoNas MartHias!, NiNna Grove!, SvEN ABEND!,
WaLDEMAR HERR!, JURGEN MULLER2, WoLrFcaNG ErRTMER!, and
ErNnsT M. RaseL! — !Institut fiir Quantenoptik, Leibniz Universitét
Hannover, Welfengarten 1, 30167 Hannover — 2Institut fiir Erdmes-

sung, Leibniz Universitat Hannover, Schneiderberg 50, 30167 Hannover

We present the design of our transportable Quantum Gravimeter —
QG-1 and report on the progress of the implementation of an ultra-
cold atomic ensemble loaded on our atom chip constituting the source
for matter-wave interferometry. The characterization and optimization
of our high flux double MOT system will be presented. In our gravime-
ter the narrow momentum width of the ensemble in combination with
higher order Bragg type beamsplitters will be employed to improve the
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acceleration sensitivity. More crucially the extremely low momentum
distribution of an ultracold atomic ensemble will reduce the systematic
errors arising from wavefront inhomogeneities during the interrogation
time. This is the major limitation to the accuracy of state-of-the-art
atomic gravimeters and will be overcome by our absolute quantum
gravimeter. By this our compact atom chip based source, miniatur-
ized electronics and simplified telecom fiber based laser system provide
a stable and accurate gravimeter for geodetic field applications.

This work is in the scope of the SFB 1128 geo-Q and supported by
the Deutsche Forschungsgemeinschaft (DFG).

A 13.7 Tue 12:30 P 104
Laser-interferometric dilatometry from 100 K to 325 K —
oINnEs Hamann!:2, Ruven SpannaceLb?, Josep Sanjuan?, FE-
LipE GuzMmAaN!, and CLaus Braxmaler!2 — 1University of Bremen,
ZARM Center of Applied Space Technology and Microgravity, 28359
Bremen, Germany — 2DLR German Aerospace Center, Institute of
Space Systems, 28359 Bremen, Germany

To enable high precision optical measurements highly dimensionally
stable materials are needed. Dimensional stability is an important ma-
terial property describing the dependency of geometrical dimensions of
an optical setup due to temperature fluctuations. Optical setups are
often built with components made of glass-ceramics or composite mate-
rials which exhibit low coefficients of thermal expansion (CTE). These
materials have to be characterized over the full operating temperature
range to accurately predict the response of the optical system and the
impact on its measurement performance.

Our laser dilatometer setup is designed to characterize these low ex-
pansion materials in a temperature range from 100 K to 325 K, using

a heterodyne laser interferometer to measure the dimensional changes
of a sample due to well-controlled temperature variations. In this talk,
we present the current status of our test facility, and recent improve-
ments to decrease the uncertainty budget to levels of 10 ppb/K over
the temperature range from 100 K to 325 K.

A 13.8 Tue 12:45 P 104
JOKARUS: An iodine frequency reference for space-

applications on a sounding rocket — eVLADIMIR SCHKOLNIK!:2,

Kraus DORINGSHOFF!, FrRANZ GuTscu!, MAarRKUS KruTzik!, AcHIM
PeTErRs)2, and Tue JOKARUS Tramb23:456 _ Ipgtitut fiir
Physik, Humboldt-Universitit zu Berlin — 2FBH Berlin — 3ZARM U
Bremen — 4DLR Bremen — 5JGU Mainz — Menlo Systems GmbH

Stable optical frequency references are a key component in future mis-
sions based on quantum sensors testing Einsteins equivalence principle
or long baseline interferometers for gravitational wave detection. In
this talk, we present JOKARUS: A simple and compact diode laser
based frequency reference, stabilized to an optical transition in iodine
at 532 nm. Our frequency reference aims to exceed the performance
required for space missions such as LISA and GRACE follow on, and
will be operated on a sounding rocket flight in Fall 2017 to demonstrate
its technological maturity.

The design of our reference system, including diode laser source,
gas cell assembly and electronics is presented in detail. JOKARUS is
based on the heritage of three successful sounding rocket missions and
is adaptable to various wavelengths to reach narrow optical transitions.

This work is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and En-
ergy under grant numbers DLR 50WM 1646



