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Control and cooling of 
oscillators with light

Enhanced by optical 
cavity

Engineered systems

Can be cooled to 
ground state

Quantum limited 
sensing
T. J. Kippenberg, K. J. Vahala, Science 321, 1172 (2008)

Cavity optomechanics

http://science.sciencemag.org/content/321/5893/1172#aff-1


• Uses tools developed for atomic physics and 

optical trapping community

• Mass of 106 – 1015 amu, Q ~ 1011

• Field insulates the particle from environment

• Tunable spring constant/ trapping freq.

• Can be released

Levitated systems ?

• Three translation modes 

(10 Hz – 1 MHz)

• Rotation (GHz)

• Torsional motion ( MHz)

• Vibration (1 – 200 GHz)

Levitated optomechanics



Testing superposition



Matter-wave interferometry



MAQRO – Macroscopic quantum resonators



‘Cool and Release’ Protocol
Testing wave-function-collapse models using parametric heating of a trapped 
nanosphere, Daniel Goldwater, Mauro Paternostro, and P. F. Barker

Phys. Rev. A 94, 010104(R) 2016

• Turn off optical field, trap in Paul trap alone

Collapse as excess noise 



PredictionsPredictions

Average phonon number after 1 s

Competition between 
collapse rate
and environmental 
decoherence



Nanoparticle 
ion Paul-trap with optical 
detection inside a 300 mK
cryostat to test CSL.

TEQ :
 EU FET-OPEN project
 Started in 2018 (€4.4M)
 Main experiment at 

Southampton
 Has 9 EU partners



Force sensing 

100 m

100 m



• Trapping, cooling and manipulation in vacuum 

• Heating and decoherence (C.M. and internal)

Feed back cooling, Gieseler et al. Nature Phys. 9 806 
(2012)

What have we and others done?

Cavity cooling – PRL, 2015,2016

T = 100 mK range

Refrigeration– Nat. Phot.
Gas Heating, Millen et al, Nature Nano. 9 425 (2014) 



P. Z. G. Fonseca, E. B. Aranas, J. Millen, T. 
S. Monteiro, and P. F. Barker, Phys. Rev. 
Lett. 117, 173602 (2016)

Cavity cooling trapped nanospheres



Hybrid trap



Noise control
Cooling of a mechanical frequency of 100 kHz, 10e-8 mbar for different linewidths of the 
filtering cavity (Science cavity 26 kHz, 200 nm, )

Cooling of a secular frequency of 50 kHz and a 
filtering cavity of 2.5 kHz linewidth



No 

particle

Partially 

in the 

beam

CenterCavity parameters

λ = 1064 nm

L = 14.6 mm (± 1%)

κ/2π = 7.5 kHz
F ≈ 700000

wo= 62 μm

45±12 kHz

19±6 kHz

9.6±0.9 kHz

New system



Fiber cavity optomechanics

Threshold



Fiber cavity optomechanics



PredictionsLaser refrigeration



Transfer of angular momentum



• High doping

• kg size mass

• Searches in
20 – 150 GHz

• Already funded to 
develop and evaluate 
materials with laser 
refrigeration
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