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Q 1: Micro Mechanical Oscillator 1

Time: Monday 10:30-13:00

Q1.1 Mon 10:30 HSZ 02
Listening to the Quantum Drum: Mechanics in its Ground
State — eTosias DonNer!2, Joun TrUFEL3, RAy SiMMONDS?,
and KoNrAD LEENERT? — lInstitute for Quantum Electronics, ETH
Zurich, CH-8093 Zurich, Switzerland — 2JILA, University of Col-
orado and National Institute of Standards and Technology, Boulder,
CO 80309, USA — 3National Institute of Standards and Technology,
Boulder, CO 80305, USA

A mechanical resonator is a physicist’s most tangible example of a
harmonic oscillator. If cooled to sufficiently low temperatures a me-
chanical oscillator is expected to behave differently to our classical per-
ception of reality. Examples include entanglement and superposition
states where a macroscopic, human made object can be in two places
at once. Observing the quantum behavior of a mechanical oscillator
is challenging because it is difficult both to prepare the oscillator in a
pure quantum state of motion and to detect those states. I will present
experiments in which we couple the motion of a micro-fabricated os-
cillator to the microwave field in a superconducting high-Q resonant
circuit. The displacement of the oscillator imprints a phase modula-
tion on the microwave field which we detect with a nearly shot-noise
limited interferometer. We employ the radiation pressure force of the
microwave photons to cool the mechanical oscillator to its motional
ground state.

Q 1.2 Mon 10:45 HSZ 02
Optomechanical Coupling of Ultracold Atoms and a Mem-
brane Oscillator — eMaria Korppil:2:3, ANDREAS JOCKEL!,
STEPHAN CAMERERZ3, DaviD HUNGER?3, THEODOR W. HiNscHZ:3,
and PuiLipp  TREUTLEINT:2:3 1Universitat Basel, Switzerland
— 2Ludwig-Maximilians-Universitit, Miinchen, Germany — 3Max-

Planck-Institut fiir Quantenoptik, Garching, Germany

We report the recent results of our experiment, where we couple a sin-
gle mode of a high-Q membrane-oscillator to the motion of laser-cooled
atoms in an optical lattice. The optical lattice is formed by retrore-
flection of a laserbeam from the membrane surface. The coupling is
mediated by power modulation of the lattice beam due to the vibra-
tions of the atoms in the lattice. If the trap frequency of the atoms
in the lattice is matched to the eigenfrequency of the membrane, we
observe resonant energy transfer between the two systems.

In the long term, such coupling mechanism could be exploited to de-
velop hybrid quantum systems between atoms and solid-state devices.
As another intriguing perspective, a new generation of optical lattice
experiment is in sight, where the mirrors creating the laser standing
waves are micromechanical oscillators interacting with the atoms on a
quantum level.

Q 1.3 Mon 11:00 HSZ 02
Tuning the quality factor of a miromechanical membrane
oscillator — eANDREAs JOckEL!, Maria Korppi'23 STEPHAN
CAMERER?3, MarTHiAS MADER?, Davip Huncer?3, THEODOR
W. HAnscu??, and Puiipp TrReuTLEINDZ:3 IDepartement
Physik, Universitit Basel, Switzerland — 2Ludwig-Maximilians-
Universitit, Miinchen, Germany — 3Max-Planck-Institut fiir Quan-

tenoptik, Garching, Germany

We report on the characterization and tuning of the mechanical modes
of high-Q SiN-membrane oscillators. Such membranes are used in
many optomechanical experiments and have Q-factors up to 107 with
frequencies in the hundreds of kHz regime and masses of a few ng,
resulting in rather large ground state and thermal amplitudes.

We show that the membrane eigenfrequencies can be tuned by locally
heating the membranes with laser light, resulting in a release of in-
trinsic stress. The frequencies of several modes were measured with
a Michelson interferometer. We observe that the Q-factor changes
dramatically while tuning and reveals resonances in the mechanical
dissipation, which allows us to tune the Q-factor over two orders of
magnitude. With this technique we achieve an improvement over the
bare membrane Q-factor.

Another way of improving the properties of these membranes lies in
structuring them with a focused ion beam (FIB) in order to reduce
their mass, or applying mirrors to increase the reflectivity.

Q14 Mon 11:15 HSZ 02

Location: HSZ 02

A closed-cycle dilution refrigerator with free-space and fiber
optical access for quantum optomechanics experiments at
20mK — eWITLEF WIECZOREK!, SIMON GROBLACHER!, MATTHIAS
BUHLER?, PETER CHRIST?, JENS HOHNEZ2, DOREEN WERNICKEZ3,
and MARKUS AsPELMEYER! — !University of Vienna, Faculty of
Physics, A-1090 Vienna, Austria — 2VeriCold Technologies GmbH,
Bahnhofstr. 21, D-85737 Ismaning, Germany — 3Entropy GmbH,
Gmundner Str. 37a, D-81379 Munich, Germany

‘We report on the operation of a closed-cycle dilution refrigerator for
quantum optomechanics experiments at 20mK. The sample chamber
of the dilution fridge is optically accessible both via optical windows as
well as optical fibers, allowing us to perform a variety of optical exper-
iments at low temperatures. It is designed to vibrationally isolate the
sample chamber allowing for stable operation of a high-finesse optical
cavity. This enables us to perform cavity-optomechanics experiments
at ultra-low temperatures.

Q 1.5 Mon 11:30 HSZ 02
Optomechanical cooling close to the ground state — eREwmI
L Steran Wris!2, Samuen DEeLicrLise’?, EMANUEL

RIvVIERE",
2 OuviEr ARcizer®, ALBERT ScHLIEsSERDZ, and To-

G AVARTIN
Bias KipPENBERG!:2 — I Max-Planck-Institut fiir Quantenoptik, 85748
Garching, Germany — 2Ecole Polytechnique Fédérale de Lausanne
(EPFL), 1015 Lausanne, Switzerland — 3Institut Néel, 38042 Greno-
ble, France

Optomechanical cooling of a mechanical oscillator mediated by the ra-
diation pressure of the light enables preparing a macroscopic system
in its quantum ground state. In our experiment, the vehicle used is a
silica microtoroid resonator, hosting both optical and mechanical de-
grees of freedom within the same device. Combining both cryogenic
and optomechanical cooling, we demonstrate an occupancy as low as
941 phonons, for which limitations to further phonon occupation re-
duction are only technical. The forthcoming ground state will then
enable the study of quantum effects in a macro-object.

Q 1.6 Mon 11:45 HSZ 02
Cavity optomechanics with nonlinear mechanical resonators
in the quantum regime — eSimoN Rips, MARTIN KIFFNER, lG-
Nacio WiLsoN-RAE, and MicHAEL HARTMANN — Technische Univer-
sitat Miinchen, Germany

The coupling of light and a mechanical resonator within an optome-
chanical setup can have significant effects on both the light field inside
the cavity and the motion of the mechanical resonator. A prominent
example is the cavity assisted side-band cooling of the mechanical mo-
tion, leading to low phonon occupation and thereby inducing the quan-
tum regime.

Here, we consider the physics of a nonlinear mechanical resonator,
coupled to different cavity modes that are each driven by a detuned
laser. We show that the mechanical nonlinearity can be used to prepare
a nonclassical steady state of mechanical motion. The nonclassicality
criterion we use is the appearance of a negative Wigner function.

The open coupled quantum system is treated analytically with the
projection operator technique. By tracing out the cavity modes, a
master equation for the mechanical motion is derived. The structure
of that master equation allows to understand the underlying physics
and thereby to identify parameters (especially for detuning) that will
produce the nonclassical steady state. The results are verified in a
numerical treatment of the full coupled optomechanical system.

Q 1.7 Mon 12:00 HSZ 02
Stochastically activated opto-mechanical coupling — e ANDREA
Marr! and JENs Eisert — Institute of Physics and Astronomy, Uni-
versity of Potsdam, 14476 Potsdam, Germany

We study the effect of stochastic noise on the standard opto-mechanical
setup: an optical cavity with a vibrating mirror. We show how to en-
gineer an effective bath for the mechanical resonator by using only
incoherent thermal light. Thanks to the non-linear interaction Hamil-
tonian, optical stochastic noise can activate the coupling between a
mechanical mode of the mirror and an optical mode of the cavity. This
interaction can generate several non-trivial effects, e.g. the counter-
intuitive process of cooling with thermal noise. This is another instance
- different from stochastic resonance - where somewhat counterintu-
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itively, incoherent noise helps to generate coherent quantum effects.

Q 1.8 Mon 12:15 HSZ 02
Optomechanically Induced Transparency — STEFAN
Werst2, Reém1  RivierRe?, SAMUEL DELEGLISEL'2, EMANUEL
GavarTIN!, OLIVIER ARcCIZET3, ALBERT ScHLIEsSER!:2, and To-
Bias KipPENBERG!'2 — 1Ecole Polytechnique Fédérale de Lausanne
(EPFL), 1015 Lausanne, Switzerland — 2Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — SInstitut Néel, 38042

Grenoble, France

Electromagnetically induced transparency is a quantum interference
effect observed in atoms and molecules, in which the optical response
of an atomic medium is controlled by an electromagnetic field. We
demonstrate a form of induced transparency enabled by radiation-
pressure coupling of an optical and a mechanical mode. A control
optical beam tuned to a sideband transition of a micro-optomechanical
system leads to destructive interference for the excitation of an intra-
cavity probe field, inducing a tunable transparency window for the
probe beam. Optomechanically induced transparency may be used for
slowing and on-chip storage of light pulses via microfabricated optome-
chanical arrays.

Q1.9 Mon 12:30 HSZ 02

Quantum dynamics in optomechanical arrays — eFLORIAN
MarqQuarpTh2, Max Lubpwic!, Georc HEeINrIcH!, ANDREAS
MicHAEL SceMIDT!, Jiane Qian3, and BJOrRN

KRONWALD?,
KusarLal — llnstitut fiir Theoretische Physik, Universitit Erlangen-

Niirnberg — ?Max-Planck Institut fiir die Physik des Lichts — 3 Arnold
Sommerfeld Center, Center for NanoScience, Department Physik,
LMU Miinchen

Optomechanical arrays consist of a number of localized vibrational and
optical modes coupled to each other via radiation forces. First versions
of such structures have been realized recently based on photonic crystal
designs. Future setups are projected to enter the quantum regime. We
present our theoretical analysis of the linear and nonlinear quantum
dynamics of interacting photons and phonons in such arrays.

Q 1.10 Mon 12:45 HSZ 02
Shot noise limited displacement measurement of a high Q mi-
cromechanical oscillator below the peak value of the SQL —
eHENNING KAUFER, DANIEL FRIEDRICH, ANDREAS SAWADSKY, To-
BiAS WESTPHAL, KAzZUHIRO YAMAMOTO, and ROMAN SCHNABEL —
Albert-Einstein-Institut, MPI fiir Gravitationsphysik, QUEST, Leib-

niz Universitdt Hannover

The standard quantum limit (SQL) is a classical limit for measure-
ment precision of a test mass position. Using a SiN membrane with
a Q-factor of 10% and a mass of 100 ng we achieved a displacement
sensitivity of 3. 1016 m/\/m in a Michelson-Sagnac interferometer
and thereby beat the peak value of the SQL at resonance. The inter-
ferometer topology allows implementation of advanced interferometer
techniques such as power- or signal recycling. The latter can enhance
the displacement sensitivity by a factor of 10 in the first step and reveal
thermal noise of the oscillator over a broad frequency range.



