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We have realized a hybrid optomechanical system by coupling ultracold atoms to a micromechan-
ical membrane. The atoms are trapped in an optical lattice, which is formed by retro-reflection of a
laser beam from the membrane surface. In this setup, the lattice laser light mediates an optomechan-
ical coupling between membrane vibrations and atomic center-of-mass motion. We observe both the
e↵ect of the membrane vibrations onto the atoms as well as the backaction of the atomic motion
onto the membrane. By coupling the membrane to laser-cooled atoms, we engineer the dissipation
rate of the membrane. Our observations agree quantitatively with a simple model.

Laser light can excert a force on material objects
through radiation pressure and through the optical dipole
force [1]. In the very active field of optomechanics [2],
such light forces are exploited for cooling and control
of the vibrations of mechanical oscillators, with possi-
ble applications in precision force sensing and studies of
quantum physics at macroscopic scales. This has many
similarities with the field of ultracold atoms [3], where
radiation pressure forces are routinely used for laser cool-
ing [1] and optical dipole forces are used for trapping and
quantum manipulation of atomic motion, most notably
in optical lattices [4, 5].

In a number of recent theoretical papers it has been
proposed that light forces could also be used to couple
the motion of atoms in a trap to the vibrations of a single
mode of a mechanical oscillator [6–16]. In the resulting
hybrid optomechanical system the atoms could be used
to read out the motion of the oscillator, to engineer its
dissipation, and ultimately to perform quantum informa-
tion tasks such as coherently exchanging the quantum
state of the two systems. In recent experiments using
magnetic [17] or surface-force coupling [18], atoms were
used to detect vibrations of micromechanical oscillators.
However, the backaction of the atoms onto the oscillator
vibrations, which is required for cooling and manipulat-
ing the oscillator with the atoms, could not be observed.

Here we report the experimental implementation of a
hybrid optomechanical system in which an optical lat-
tice mediates a long-distance coupling between ultra-
cold atoms and a micromechanical membrane oscillator
[14]. If the trap frequency of the atoms in the lattice is
matched to the eigenfrequency of the membrane, the cou-
pling leads to resonant energy transfer between the two
systems. We observe both the e↵ect of the membrane
vibrations onto the atoms as well as the backaction of
the atomic motion onto the membrane. We demonstrate
that the dissipation rate of the membrane can be engi-
neered by coupling it to laser-cooled atoms, as predicted
by recent theoretical work [14].

The coupling scheme we investigate is illustrated in

FIG. 1: Optomechanical coupling of atoms and membrane.
A laser beam of power P is partially reflected at a SiN mem-
brane of reflectivity r and forms a 1D optical lattice for an ul-
tracold atomic ensemble. Motion of the membrane displaces
the lattice and thus couples to atomic motion. Conversely,
atomic motion is imprinted as a power modulation �P onto
the laser, thus modulating the radiation pressure force on the
membrane. t is the transmittivity of the optics between atoms
and membrane. Arrows illustrate the direction of forces and
displacements at a specific point in time. In the main text, all
forces and displacements are positive if pointing to the right.

Fig. 1, see also [14]. A laser beam of power P , whose fre-
quency ! is red detuned with respect to an atomic transi-
tion, impinges from the right onto a SiN membrane oscil-
lator and is partially retroreflected. The reflected beam
is overlapped with the incoming beam such that a 1D
optical lattice potential for ultracold atoms is generated
[4]. A displacement of the membrane x

m

displaces the
lattice potential, resulting in a force F = m!

2
at
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m

onto
each atom, where m is the atomic mass and !

at

the trap
frequency in a harmonic approximation to the lattice po-
tential well. The membrane motion thus couples through
F

com

= NF to the center of mass (c.o.m.) motion of
an ensemble of N atoms trapped in the lattice. Con-
versely, an atom displaced by x

at

from the bottom of its
potential well experiences a restoring optical dipole force
F

d

= �m!
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in the lattice. On a microscopic level,
F

d

is due to absorption and stimulated emission, leading
to a redistribution of photons between the two running
wave components forming the lattice [19]. Each redis-
tribution event results in a momentum transfer of ±2h̄k
to the atom, where k = !/c. The photon redistribution
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Introduction 

• Optomechanics: 
light forces (radiation pressure,dipole 
force) are exploited for cooling and control 
of the vibrations of a mechanical oscillator 

• Applications: 
precise force sensing, studies of Quantum 
Physics at macroscopic scales
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Theory 
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Effect of Membrane on 
Atoms

• Displacement of Membrane: 
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Effects of COM motion 
on Membrane 

• an atom displaced by: 
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Equations of Motion
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Equations of Motion
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Solution 
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Experimental Setup
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Δ = 2π × 21GHz
D2 87Rb(F = 2← →⎯ F ' = 3)
P = 0...140mW
w0 = 350 ± 30µm
forP = 76mW
U = kB × 290µK
ωat = 2π × 305KHz

MOT
N = 2 ×106

T = 100µK

Friday, 2 September, 11



SiN

tensile Stress :120MPa
0.5mm × 0.5mm × 50nm
r = 0.28@λ = 780nm
ωm = 2π × 272kHz
M = 10−11kg
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Michelson int erferometer

Position sensitivity : 3×10−14m / Hz
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Measurements!

Friday, 2 September, 11



Results
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Backaction of atoms on membrane
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dependance on number of atoms
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Effect of Membrane on atoms

Friday, 2 September, 11



Conclusion 

• Effect of the Membrane on Atom and 
Atoms on Membrane is Observed

• By using a more sophisticated model the 
broadening and shift on resonance is 
studied

• Further investigations: 
Sideband cooling
3D Lattice  
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Thanks!
(Special thanks to Connor for not sleeping!)
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