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Sympathetic cooling of a membrane oscillator in an hy-

brid mechanical-atomic system — eA. Faper!, A. JOckeL!,
1

T. Kampscuurte!, M. Korppi!, M. T. RakHer!, L. Beguin!
b b b b

B. VogeLL?, K. HAMMERER3, P. ZoLLER?, and P. TREUTLEIN! —
IUniversitidt Basel, Departement Physik — 2Universitit Innsbruck,

IQOQI — 3Universitat Hannover, Institut fiir theoretische Physik

Sympathetic cooling with ultracold atoms and atomic ions enables ul-
tralow temperatures in systems where direct laser or evaporative cool-
ing is not possible. So far, it has only been used to cool other micro-
scopic particles such as atoms of a different species or molecular ions
up to the size of proteins. In our experiment we use ultracold atoms
to sympathetically cool the fundamental vibration of a Si3N4 mem-
brane from room temperature to 650+330mK [1]. The interactions
between the atoms and the membrane are mediated by laser light over
a macroscopic distance and are enhanced by an optical cavity around
the membrane [2|. This enables effective cooling although the mass
of the membrane exceeds that of the atoms by 10'°. Our hybrid op-
tomechanical system operates in a regime of large atom-membrane
cooperativity and will with further improvements enable a number of
exciting experiments on quantum control of mechanical motion.

[1] A. Jockel et al., Nature Nanotechnology (2014).

[2] B. Vogell et al., Phys. Rev. A 87, 023816 (2013).

Q 57.2 Thu 14:45 P/H1
Optomechnical studies in a nonlinear crystalline whisper-
ing gallery mode resonator — eALEXANDER OTTERPOHLDZ,
MicHAEL ForTscu!»2, VirTorio PEANO!, GERHARD ScHUNK!'2, UL-
ricH VoaLb?2, FLoriAN SEDLMEIRDZ, DMITRY STREKALOV!2, HAR-
ALD ScHWEFELY2, GERD LEucHsY2, FLORIAN MARQUARDT!2, and
CHRISTOPH MARQUARDT!2 — I Max Planck Institut fiir die Physik des
Lichts, Guinther-Scharowsky-Str. 1, Bau 24, 91058, Erlangen, Deutsch-
land — 2Institut fiir Optik, Information und Photonik, Universitit
Erlangen-Niirnberg, Staudtstrake 7/B2, 91058, Erlangen, Deutschland

Whispering gallery mode resonators (WGMR) have demonstrated to
be well suited to couple the optical and the mechanical degrees of free-
dom. Various experiments have been realized using WGMRs made out
of amorphous and crystalline materials and at various sizes, ranging
from micrometer to millimeter. Here, we report on the experimental
observation of optomechanical interactions in a macroscopic (radius
2mm) crystalline LiNbO3 WGMR. The use of a nonlinear crystal of-
fers the possibility to combine the optomechanics with nonlinear op-
tical processes. To minimize damping of the mechanical modes, we
realized a suspended setup design, where the WGMR is only mounted
from the top. We observe more than twenty mechanical modes in a
frequency range between 5 and 40 MHz with a maximum mechani-
cal quality factor of Qmech = 3 x 103. We are currently exploring
the optomechanical properties of the WGMR in combination with the
generation of parametric light and will report on our latest progress.

Q 57.3 Thu 15:00 P/H1
Light-Mediated Coupling of a Quantum Mechanical Oscilla-
tor to the Internal States of a Distant Atomic Ensemble —
eBERIT VocELL!, ToBias KampscHULTEZ, MATTHEW T. RAKHERZ,
ALINE FaBEr2, PuiLipP TREUTLEIN?, KLEMENS HAMMERERS3, and
PETER ZoLLER! — lInstitut fiir Quantenoptik und Quanteninfor-
mation, Universitdt Innsbruck, Institut fiir theoretische Physik —
2Universitat Basel, Department Physik — 3 Universitdt Hannover, In-

stitut fiir theoretische Physik

Hybrid quantum systems in which a mechanical oscillator is coupled to
a well-controlled microscopic quantum system currently attract great
interest. Such systems offer new possibilities for cooling, detection
and quantum control of vibrations in engineered mechanical structures.
Previous theoretical work on coupling nano-mechanical oscillators to
atoms has focused on coupling to the motional atomic degrees of free-
dom [1]. Along these lines, a recent experiment demonstrated substan-
tial sympathetic cooling of a mechanical oscillator [2]. In the present
work we provide the theoretical framework for coupling of a nano-
mechanical oscillator to the internal states of the atomic ensemble [3].
This allows us to couple the atomic ensemble to mechanical oscillators
in a wide frequency range, offers the opportunity for large coupling
strengths, and benefits from the sophisticated atomic toolbox.

Location: P/H1

[1] B. Vogell et al., Phys. Rev. A 87, 023816 (2013)
[2] A. Joeckel et al., Nature Nanotechnology (2014)
[3] B. Vogell et al., in preparation (2014)

Q 57.4 Thu 15:15 P/H1
Optical trapping and control of nanoparticles inside hollow
core photonic crystal fibers — eDaviD GRrass, JuLiaAN FESEL,
Nikoral KieseL, and MARKUS ASPELMEYER — University of Vienna

Optically levitated nanospheres in ultra-high vacuum are a promis-
ing approach to high-Q optomechanical systems. To this end a repro-
ducible and clean loading mechanism for nanoparticles with a diameter
on the order of 100nm is required. Here we will present the current
status of such a mechanism utilizing hollow core photonic crystal fibers
[1]. They allow controlled transport and promise deterministic loading
of levitated nanoparticles into an ultra-high vacuum environment.

[1] Russell, P. S. J. (2003). Photonic crystal fibers. Science,
299(5605)

Q 57.5 Thu 15:30 P/H1
A scheme for cavity-based 3D optical trapping and cool-
ing of silica nanospheres — ¢Uros DELIG!, MARZIEH BATHAEEZ,
FrLoriaN Braser!, Nikorar KieserL!, ALiIREza BanraMpour2, and
MAaRrKUS AsPELMEYER! — !Vienna Center for Quantum Technology
and Science, Faculty of Physics, University of Vienna, A-1090 Vienna,
Austria — 2Department of Physics, Sharif University of Technology
Tehran, Iran

Silica nanospheres, optically levitated in a high-finesse cavity, has been
proposed as a new optomechanical system which provides exceptional
quality factors (10'1) when operated in ultra-high vacuum [1]. This
would enable cooling of nanosphere center-of-mass (CM) motion close
to its ground state and quantum state preparation of a macroscopic
object in a room-temperature environment.

Previously, we have demonstrated one-dimensional cavity cooling of
CM motion of a trapped nanosphere [2]. Three-dimensional (3D) cool-
ing is a prerequisite to access higher vacuum levels 3] and reach long
trapping times [4]. In this talk we propose a scheme for a purely cavity-
based 3D trapping and cooling [5]. This promises to stabilize the CM
motion at lower pressures and provide cooling of the CM motion in
all three dimensions. We will discuss first experimental steps in this
direction.

[1] Aspelmeyer, Kippenberg, Marquardt, arXiv:1303.0733 (2013). [2]
Kiesel et al., PNAS 110:14180-14185 (2013). [3] Gieseler et al., PRL
109(10):103603 (2012). [4] Koch et al., PRL 105(17): 173003 (2010).
[5] Bathaee et al., in preparation

Q 57.6 Thu 15:45 P/HI1
pulsed optical measurement of mechanical displacements
close to the standard quantum limit — esUNGKUN HONG!,
RALF RIEDINGER', ALEX KRAUSE?, OSKAR PAINTER?, and MARKUS
ASPELMEYER! — 1Vienna Center for Quantum Science and Technology
(VCQ), Faculty of Physics, University of Vienna, A-1090 Vienna, Aus-
tria — 2Thomas J. Watson, Sr., Laboratory of Applied Physics, Cali-
fornia Institute of Technology (Caltech), Pasadena, CA 91125, USA

Quantum-non-demolition (QND) measurement of massive mechanical
objects is an outstanding problem in quantum physics. As a promising
route, the optomechanical scheme employing a series of short optical
pulses [1,2] has been recently investigated. Here, we present a signifi-
cant step towards realizing QND detection of mechanical displacements
using this method. We employ a micro-fabricated optomechanical crys-
tal and a high-speed homodyne detection setup to demonstrate the dis-
placement measurement with its imprecision close to the mechanical
zero-point fluctuation. We discuss further possibilities of the scheme,
which include a full state tomography and generation of squeezed me-
chanical states beyond the standard quantum limit.

[1] M. R. Vanner, I. Pikovski, G. D. Cole, M. S. Kim, C. Brukner,
K. Hammerer, G. J. Milburn, and M. Aspelmeyer, Pulsed quantum
optomechanics, Proc. Natl. Acad. Sci. U. S. A., vol. 108, no. 39,
pp. 16182-7, 2011 [2] M. R. Vanner, J. Hofer, G. D. Cole, and M. As-
pelmeyer, Cooling-by-measurement and mechanical state tomography
via pulsed optomechanics., Nat. Commun., vol. 4, p. 2295, 2013

Q57.7 Thu 16:00 P/HI1
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Entanglement-enhanced quantum control of optomechanical
systems — oSEBAsSTIAN G. HorerR!2, MARKUS ASPELMEYER!, and
KLEMENS HAMMERER? — 1Vienna Center for Quantum Science and
Technology (VCQ), Faculty of Physics, University of Vienna, Vienna,
Austria — Z2Institute for Theoretical Physics, Institute for Gravita-
tional Physics (Albert Einstein Institute), Leibniz University Han-
nover, Hannover, Germany

The optomechanical radiation pressure interaction provides the means
to create entanglement between a mechanical oscillator and an electro-
magnetic field. In this talk I show how we can utilize this entanglement
within the framework of time-continuous quantum control in order to
engineer the quantum state of the mechanical system. Specifically,
I analyze how to prepare low-entropy mechanical states by feedback
cooling operated in the blue detuned regime, the creation of bipartite
mechanical entanglement via time-continuous entanglement swapping,
and preparation of a squeezed mechanical state by time-continuous
teleportation [1]. Furthermore I discuss how additionally coupling the
light field to a qubit can be used to prepare non-classical mechani-
cal quantum states. These protocols extend earlier work [2] analyz-
ing pulsed optomechanical entanglement creation—recently realized
experimentally in [3]—and teleportation. They are all feasible in op-

tomechanical systems exhibiting a cooperativity larger than 1.
[1] S.G. Hofer and Klemens Hammerer, arXiv:1411.1337 [quant-ph)]
[2] S.G. Hofer et al., Physical Review A 84, 052327 (2011)
[3] T.A. Palomaki et al., Science 342, 710 (2013)

Q 57.8 Thu 16:15 P/H1
Optomechanics in a Michelson-Sagnac Interferometer — eLisa
KreyBoLTE!, ANDREAS Sawapsky!, and RoMAN ScCHNABEL? —
nstitut fiir Gravitationsphysik, Leibniz Universitdt Hannover —

2Institut fiir Laserphysik, Universitit Hamburg

The signal-recycled Michelson-Sagnac interferometer with a SiN-
membrane as a mechanical oscillator is a manifold topology for the
investigation of the optomechanical coupling. Beside the successful
demonstration of dissipative coupling, this interferometer topology
could reach a broadband radiation pressure noise (RPN) limited dis-
placement sensitivity. Therefor thermal noise and shot noise have to be
significantly reduced. Here we present spectra of a Michelson-Sagnac
Interferometer operating in a cryogenic environment at 8K. Further-
more we show how the input of squeezed light into the dark port could
influence the optomechanical coupling in our system and how it will
be used to improve our sensitivity to reach the RPN.



