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Hybrid Systems & AMO ïOptomechanics Interface

Sophisticated toolbox for

Åpreparation

Åcoherent control

Åmeasurement of quantum-states

ÅMacroscopic objects

Åapproaching the Q-regime

Interface!
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Compare: electromechanics in MW domain

ÅQuantum ground state preparation

ÅSingle phonon control

A.N. Cleland, Nature 464, 697 (2010)



Interfacing Opto-mechanics with Atoms

ÅStrong coupling of a mechanical oscillator and a single atom

ÅEPR-entanglement between Nanomechanics and Atomic Ensembles

ÅOptical Lattices with Micromirrors
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Optical Lattices with Micromirrors

ÅWhat happens in a setup where an optical lattice is created by retro-reflection of a 

single beam on a partially reflective, oscillating microïmirror/membrane?

Collaboration: P. Treutlein, S. Cammerer, D. Hunger,  Andreas Jöckel, T.W. Hänsch

Atoms in optical lattice:

usually two counter-

propagating beams are used:

Micromembrane

realizing a quantum

degree of freedom 

J.D. Thompson,

Nature 72, 452 (2008)



Action of Membrane on Atoms

ÅExpectation: Membrane vibrations shift phase of field: shift of potential shakes atoms

Åoptical potential for atoms depends parametrically on membrane displacement

ÅEquation of motion



Action of Membrane on Atoms

ÅExpectation: Membrane vibrations shift phase of field: shift of potential shakes atoms

ÅEquation of motion for i-th atom

ÅEquation of motion in dimensionless coordinates for atomic COM mode


