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intro experiments optical levitation outlook

why optomechanics?
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why optomechanics?

H. J. Kimble, Nature 453, 2008.

QUANTUM INFORMATION

Q. MEMORY
Q. TRANSDUCERS

FUNDAMENTAL PHISICS AND METROLOGY

A “quantum Cavendish experiment”

- How small can a source mass be?

- How  massive can a quantum system be?

R. Feynman, Chapel Hill Conference 1957 (29)

Juffmann et al., Nature 
Nanotech. 7, 297 
(2012) 

Müntiga et 
al., PRL 110, 
93602 (2013) 

O‘Connell et al., 
Nature 464, 697 
(2010) 
Palomaki et al., 
Science 342, 710 
(2014)

Lee et al., 
Science 
334, 1253 
(2011) 

X

R.W. Andrews et al, Nature, 2014

K. Stanniger et al., PRL 105, 2010
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Ω𝑚~ 1 − 10 𝑀𝐻𝑧
𝑚 ~ 𝑛𝑔
𝑇 ~ 5 𝐾

Membrane cavity
optomechanics

Ω𝑚~ 5 𝐺𝐻𝑧
𝑚 ~ 100 𝑓𝑔
𝑇 ~ 35 𝑚𝐾

Photonic-phononic
crystals

Ω𝑚~ 0.01 − 1 𝑀𝐻𝑧
𝑚 ~ 𝑓𝑔

𝑇 ~ 300 𝐾

Optical levitation

Ω𝑚~ 100 𝐻𝑧
𝑚 ~ 𝜇𝑔
𝑇 ~ 4 𝐾

Magnetic levitation
MAQRO

Rainer Kaltenbaek

experiments in the Aspelmeyer group

Quantum Thermodynamics
Nikolai Kiesel

Ω𝑚~ 60 𝐻𝑧
𝑚 ~ 𝑚𝑔
𝑇 ~ 300𝐾

Milli-G
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photonic-phononic crystals: control of mechanical Fock states

R. Riedinger
S. Hong
A. Wallucks

R. Norte
I. Marinković
S. Gröblacher

R. Riedinger, …, M. Aspelmeyer, Nature 2016.

S. Hong, …, M. Aspelmeyer, Science 2017.
R. Riedinger, …, S. Gröblacher, ArXiv 2016.

𝑔 2 0 = 0.65
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membrane optomechanics: chasing entanglement in CW

𝐻𝐼 = 𝑔0𝛼(𝑎†𝑏† + 𝑎𝑏) + 𝑔0𝛼(𝑎†𝑏 + 𝑎𝑏†)

J. D. Thompson et al., Nature 452, 2008

J. Hoelscher Obermaier
R. Moghadas Nia
W. Wieczorek

C. Gaertner
S. Hofer
C. Gut
C. Hammerer



intro experiments optical levitation outlook

Ω𝑚~ 1 − 10 𝑀𝐻𝑧
𝑚 ~ 𝑛𝑔
𝑇 ~ 5 𝐾

Membrane cavity
optomechanics

Ω𝑚~ 5 𝐺𝐻𝑧
𝑚 ~ 100 𝑓𝑔
𝑇 ~ 35 𝑚𝐾

Photonic-phononic
crystals

Ω𝑚~ 0.01 − 1 𝑀𝐻𝑧
𝑚 ~ 𝑓𝑔

𝑇 ~ 300 𝐾

Optical levitation

Ω𝑚~ 100 𝐻𝑧
𝑚 ~ 𝜇𝑔
𝑇 ~ 4 𝐾

Magnetic levitation
MAQRO

Rainer Kaltenbaek

experiments in the Aspelmeyer group

Quantum Thermodynamics
Nikolai Kiesel

Ω𝑚~ 60 𝐻𝑧
𝑚 ~ 𝑚𝑔
𝑇 ~ 300𝐾

Milli-G

© Jonas Schmöle
© ESA



intro experiments optical levitation outlook

magnetic levitation                                                    

J. Schmöle,…, and M. Aspelmeyer, Class. Quantum Grav. 33 125031, 2016

J. Schmöle
T. Westphal

H. Hepach
M. Draghositis

J. PfaffJ. Hofer
J. Slater
F. Wulschner

measuring gravity of a small mass (the top down approach)

milli-G project
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quantum mechanics with optically levitated nanoscale objects (bottom up)
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GOAL
Quantum control of mechanical 
massive objects at room 
temperature.

LIMIT
Detection efficiency and back 
action

How does it move when 
its not moving much?

SOLUTION?
Boost information with a cavity!

J. Gieseler et al., PRL 109, 103603, (2012) 

An alternative point of view: resolution

𝐶 =
4 𝑔0

2 𝑛𝑐𝑎𝑣

𝜅 Γ𝑡ℎ
> 1GOAL:
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cavity optomechanics with levitated nanoparticles

U. Delić
D. Grass
N. Kiesel

M. 
Reisenbauer
F. Blaser

HEATING RATES
OPTOMECHANICAL INDUCED TRANSPARENCY
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near field coupling of a levitated nanoparticle to a photonic crystal cavity 

“MIRROR”

“MIRROR”

“DEFECT”

OPTICAL TWEEZER

L. M.
S. Hong
R. Riedinger

R. Norte
I. Marinković

J. Thompshon et al., Science, 2013 
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modulation of the cavity resonance

𝑆𝜑𝜑 𝛺 =
4

𝜅2
𝑆𝜔𝜔 𝛺 =

4𝐺2

𝜅2
𝑆𝑥𝑥 𝛺

L. M.
S. Hong
R. Riedinger

R. Norte
I. Marinković
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L. M.
S. Hong
R. Riedinger

R. Norte
I. Marinković

how is the particle loaded close to the cavity
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L. M.
S. Hong
R. Riedinger

R. Norte
I. Marinković

tuning the coupling (mapping the field gradient)

𝑔0
𝑖 𝑥, 𝑦, 𝑧 ∝ 𝛻𝑖 𝐸

∗𝐸
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mechanical frequency control

1

2
𝑘𝐵𝑇 =

1

2
𝑚𝛺𝑚

2 𝑥2

L. M.
S. Hong
R. Riedinger

R. Norte
I. Marinković
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L. M.
S. Hong
R. Riedinger

R. Norte
I. Marinković

outlook

𝐶 =
4 𝑔0

2 𝑛𝑐𝑎𝑣

𝜅 Γ𝑡ℎ
> 1

T. Asano et al., Optics Express 3, 2017

PULSED EXPERIMENTS FOR 
MECHANICAL SQUEEZING, OPTICAL 
SQUEEZING, QUANTUM ENHANCED 
METROLOGY, THERMODYNAMICS…

TRAPPING CLOSER    → change cavity thickness

MORE PHOTONS      → reduce heating (2D cavity)

IMPROVE CAVITY Q   → state of the art is 107 (now 3 ∙ 104)

χ =
𝑔0

κ
𝑛𝑝 > 1
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quantum optical control of optomechanical
devices with silicon photonics architecture 
and InGaAs membranes for quantum 
transducers.

„bottom up“
optical levitation for 
quantum 
measurements and 
manipulation of 
massive objects 

“top down”
how small can one make a 
gravitational source mass 
and still detect its 
gravitational coupling to a 
nearby test mass?

conclusions
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