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Time: Monday 10:30-12:30

Q 3.1 Mon 10:30 V47.02
Detecting the single photon recoil of a single ion — e CORNELIUS
HewmpeL!2, BEnJaMIN P. Lanvon!:2, RENE GERrITsMAL3, PETAR
Jurcevich 2, FLORIAN ZAHRINGER!'2, RAINER BrarT!'2, and CHRis-
TIAN F. Roos’? — !Institut fiir Quantenoptik und Quanteninforma-
tion, Osterreichische Akademie der Wissenschaften, Technikerstr. 21a,
6020 Innsbruck, Austria — 2Institut fiir Experimentalphysik, Univer-
sitét Innsbruck, Technikerstr. 25, 6020 Innsbruck, Austria — 3Institut
fir Physik, Johannes Gutenberg-Universitdt Mainz, Staudingerweg 7,
55128 Mainz, Germany

I will report on our current work to measure the recoil due to a single
photon scattering from a single ion. For this experiment two ions are
loaded into a linear ion trap: one well characterized 'measurement’ ion
and one, possibly unknown, ’spectroscopy ion’ on which the photon
scattering event is to be detected. The photon recoil energy excites
the common vibrational mode shared by both ions. In order to de-
tect this extremely small vibration, we make use of a very sensitive
highly non-classical motional state. Our technique could have inter-
esting applications in performing spectroscopy of atoms or molecules
at the single photon / single atom level.

Q 3.2 Mon 10:45 V47.02
First gravity measurements using the mobile atom interfer-
ometer GAIN — oCHRISTIAN FREIER, MALTE SCHMIDT, ALEXAN-
DER SENGER, MATTHIAS HAUTH, VLADIMIR SCHKOLNIK, and ACHIM
PETERS — Humboldt-Universitdt zu Berlin, Institut fir Physik, AG
Optische Metrologie, Newtonstr. 15, 12489 Berlin

GAIN (Gravimetric Atom Interferometer) is a mobile gravimeter,
based on interfering ensembles of laser cooled 87Rb atoms in an atomic
fountain configuration. After introducing the working principle of the
interferometer, we present the results of the latest laboratory gravity
measurement and progress made in controlling systematic effects.

The high-precision interferometer has reached a sensitivity of 2 X
10*%/@ in its first measurement and is designed for a target ac-
curacy of a few parts in 1010g. Finally, we report on the next steps
towards a mobile gravimeter for field use.

Q 3.3 Mon 11:00 V47.02
Detection and manipulation of nuclear spins coupled weakly
to Nitrogen-Vacancy centers — eJaN Honerr!, HEeLMUT
FEDDER!, NAN Znao!, MicHaEL Kras!, Junicur Isova2, and Jora
WRACHTRUP! — !Universitit Stuttgart, 70550 Stuttgart, Germany

— 2University of Tsukuba, Tsukuba, Japan

The ability to investigate weakly coupled nuclear spins via electron
spin ancillae offers great potential for novel quantum sensing applica-
tions. Nitrogen-Vacancy centers in diamond with long spin coherence
times (several ms) are promising solid state systems for quantum in-
formation processing and detection at room temperature.

In high magnetic fields single shot readout schemes promise sensing
below the Heisenberg limit. Here, we present recent results of nuclear
spins coupled weakly to Nitrogen-Vacancy centers in low magnetic
fields using dynamical decoupling techniques and isotopically enriched
diamonds. Details on detection schemes and robust manipulation of
13C spins are discussed.

Q 3.4 Mon 11:15 V47.02
Moving optical lattice for long range transport embedded
in an optical clock — eTHOMAS MIDDELMANN, STEPHAN FALKE,
UWE STERR, and CHRISTIAN LispAT — Physikalisch-Technische Bun-
desanstalt, Bundesallee 100, 38116 Braunschweig

Optical clocks have surpassed cesium microwave clocks in stability and
systematic uncertainty. A major concern for optical clocks is the fre-
quency shift due to ambient thermal radiation. It is currently limit-
ing the systematic uncertainty of Sr optical lattice clocks to 1- 10716
[1]. This blackbody shift can be described to high accuracy as a dc
Stark shift from the rms electric field of the ambient blackbody radia-
tion. Thus a dc Stark shift measurement allows a determination of the
atomic response to a thermal radiation field. For this measurement
ultracold Sr atoms need to be interrogated in the field of a precision
capacitor [2]. Therefore a transport of ultracold atoms between the
optical access region (MOT, detection) and the dc field (interrogation)
is required in each clock cycle. Due to these spatial constrains and

Location: V47.02

optical lattice requirements, we move the optical lattice by moving all
its optics. We transport the atoms for 5 cm within 240 ms, with negli-
gible heating, less than 4 % atom loss (back and forth), and maintain
a clock stability of better than 3 - 1015 s—1/2,

The work is supported by the Centre for Quantum Engineering and
Space-Time Research (QUEST) and the ERA-NET Plus Programme.

[1] Falke et al. Metrologia 48, 399 (2011).

[2] Middelmann et al. IEEE Trans. Instrum. Meas. 60, 2550 (2011).

Q 3.5 Mon 11:30 V47.02
Interrogation laser with 5 x 10~ '6 instability for a magnesium
optical lattice clock — e ANDRE PAPE, STEFFEN RUHMANN, TEMMO
WUBBENA, ANDRE KurLosa, HRrisHIKESH KELKAR, DoOMINIKA FIMm,
Kraus Z1preEL, WoOLFGANG ERTMER, and ErRnsT M. RASEL — Insti-
tut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1,
30167 Hannover, Germany

Optical clocks revolutionized the field of time and frequency metrol-
ogy and are outperforming today’s best microwave clocks. Magnesium
(Mg) is an attractive candidate for a neutral atom optical clock, due
to its low sensitivity to blackbody radiation. For interrogation of the
narrow atomic transitions in optical clocks, lasers with typically sub-
hertz linewidths are essential. We present an ultrastable laser system
with 5 x 10716 instability for the future spectroscopy of the narrow
1Sg — 3Pg clock transition at 458 nm on an ensemble of 24Mg atoms
confined to an optical lattice at the magic wavelength. The laser sys-
tem is based on a diode laser at 916 nm stabilized to an ultrastable
optical resonator exhibiting a thermal noise floor of 3 x 10~16. For
atomic spectroscopy, the light is resonantly frequency doubled (SHG).
We give a detailed presentation of our clock laser system and discuss
relevant noise sources, especially the influence of the SHG on laser
stability.

Q 3.6 Mon 11:45 V47.02
Comparison of reference cavities for an optical clock with
improved short-term stability — eJonas KELLER!, STEPAN
IeNaTOVICH2, MAKSIM OKHAPKIN'2, STEPHEN WEBSTER®, DAVID-
M. Meier!, KarsTEN Pykal!, and Tania E. MEHLSTAUBLER!
— 1Physikalisch-Technische Bundesanstalt, 38116 Braunschweig —
2Institute of Laser Physics, 630090 Novosibirsk — 3National Physi-
cal Laboratory, Hampton Road, Teddington

Our work is targeted on the development of an optical frequency stan-
dard with a relative short term stability below 1071% in 1s based on
Coulomb crystals of 1'°Int and 172Yb* ions in a linear segmented
Paul trap. This requires two highly stable lasers for interrogating the
1Sg < 3Pg clock transition in 9Int and the 281/2 > 2D5/2 transi-
tion in '72Yb* for studying and controlling the dynamics of the ion
crystals. To achieve these stabilities, we are experimentally compar-
ing two different designs for reference cavities with ULE® spacers and
fused silica mirrors. A simple setup using a horizontally mounted cav-
ity of 12 cm length yielded a thermal time constant of 44 h and allowed
the stabilization of a diode laser to a relative frequency instability of
6 - 10716, The second cavity has a length of 30 cm, giving a thermal
noise limit of 1-10716. Its spacer design is based on FEM calculations
to ensure a sufficiently low vibration sensitivity. In order to refine this
experimentally, the support points can be moved freely along the op-
tical axis. For this adjustment, the short cavity can act as a reference.

Q 3.7 Mon 12:00 V47.02
Strontium in an Optical Lattice as a Mobile Frequency Ref-
erence — e¢OLE Kock, STEVEN JOHNSON, YESHPAL SINGH, and Kar
Bonas — University of Birmingham, Birmingham, UK
Using the higher frequencies (10'® Hz) of optical atomic transitions
for clocks enable a greater accuracy than the current microwave fre-
quency (1010 Hz) standard. Optical clocks have now achieved a perfor-
mance significantly beyond that of the best microwave clocks. With
the rapidly improving performance of optical clocks, in the future,
most applications requiring the highest accuracy will require optical
clocks. We are setting up an experiment aimed at a mobile frequency
standard based on strontium (Sr) in a blue detuned optical lattice.
Sr is an alkaline-earth element. The dipole transitions in Sr from the
singlet state to the triplet state is forbidden, which results in a long
meta-stable lifetime and as narrow line widths as one mHz. Compared
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to other Strontium experiments with Zeeman Slowers our setup im-
plements the first 2D-MOT for pre cooling the atoms. An up to date
progress on the 3D-MOT of this compact and robust frequency stan-
dard will be given. For the emerging field of optical clocks in space, this
project is developing technologies for the Space Optical Clock (SOC2)
project.

Q 3.8 Mon 12:15 V47.02
Towards spectroscopy of the clock transition of Yb in a magic
wavelength optical lattice — eGREGOR MURrA, CHARBEL ABOU
JaoupeH, ToBias FrRaNzEN, and AXEL GORLITZ — Institut fiir Ex-
perimentalphysik, HHU Diisseldorf, Universitatsstr. 1, 40225 Diissel-
dorf

Optical clocks using neutral atoms hold the promise to eventually reach
an inaccuracy at a level of 10718, So far optical lattice clocks have
been demonstrated for Yb, Sr and Hg. Here we report on loading
an 1D magic wavelength optical lattice with Yb which is a crucial
step towards the realization of a compact and transportable Yb lat-
tice clock. After precooling in a MOT operating at 399 nm a few 106
atoms are loaded into a postcooling MOT at 556 nm where a temper-
ature of ~ 50 uK is reached. More than 5% of the atoms can then be
transferred into a resonator-based optical lattice. We have achieved a
lifetime of a few 100 ms which is sufficient for the operation of an op-
tical clock. The next step will be spectroscopy of the clock transition
6159 — 6Py of Yb at 578 nm.



