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why optomechanics?
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why optomechanics?
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experiments in the Aspelmeyer group
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outlook

photonic-phononic crystals: control of mechanical Fock states
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membrane optomechanics: chasing entanglement in CW
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measuring gravity of a small mass (the top down approach)

magnetic levitation milli-G project
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qguantum mechanics with optically levitated nanoscale objects (bottom up)
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<] - ; ; t Testing quantum and gravitational physics with massive mechanical resonators
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Toward quantum superposition of living organisms

Quantum superposition of massive objects and collapse models
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We analyze the requirements o fest some of the most paradigmatic collapse models with a protocol that
prepares quantiim superpositions of massive objects. This consists of coherently expanding the wave function of
a ground-state-cooled mechanical resonator, performing a squared position measurement that acts as a double
slit, and observing interference after further evolution. The analysis is performed in a general framework and
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An alternative point of view: resolution

GOAL LIMIT SOLUTION?

Quantum control of mechanical Detection efficiency and back Boost information with a cavity!
massive objects at room action

temperature.
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cavity optomechanics with levitated nanoparticles

Cavity cooling of an optically levitated
submicron particle

Nikolai Kiesel'?, Florian Blaser', Uro$ Deli¢, David Grass, Rainer Kaltenbaek, and Markus Aspelmeyer®

Vienna Center for Quantum Science and Technology (VCQ), Faculty of Physics, University of Vienna, A-1090 Vienna, Austria
Edited by David A. Weitz, Harvard University, Cambridge, MA, and approved July 16, 2013 (received for review May 14, 2013)

The coupling of a levitated submicron partide and an optical cavity ~ optically trapped single atoms (22, 23) and for clouds of up to 10°
field promises access to a unique parameter regime both for  ultracold atoms (34-36). In comparison to such clouds, massive

macroscopic quantum experiments and for high-precision force  solid objects provide access to a different parameter regime: on _
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near field coupling of a levitated nanoparticle to a photonic crystal cavity
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modulation of the cavity resonance
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how is the particle loaded close to the cavity

imaging
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tuning the coupling (mapping the field gradient)
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mechanical frequency control
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conclusions

,bottom up“ “top down”
optical levitation for how small can one make a
guantum gravitational source mass
measurements and and still detect its
manipulation of gravitational coupling to a
massive objects nearby test mass?
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