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NEOWISE Comet (2020)

A long long time ago, far far away



NEOWISE Comet (2020)

Johannes Kepler, 
De comets 1619

A long long time ago, far far away



Crookes radiometer

Trying hard and making mistakes
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Trying hard and making mistakes



Nichols and Hull, Phys. Rev. 13, 307 (1901)

Light radiation demonstrated



Laser Interferometer for Gravitational Wave Detection 
LIGO Livingston

Going BIG



First contact…
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… and many more



GW190521:  85 M☉ + 66 M☉-> 142 M☉

… and many more



How is it possible?!



Optomechanics beyond Astrophysics



General outlook

@ Florian Marquardt slide



A Zoo of devices

@ Florian Marquardt slide
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@ Florian Marquardt slide

M. Hofheinz, Nature 2010



Different types of optomechanics
▪ Photo-induced molecular motion:



Different types of optomechanics
▪ Optical tweezers:

Abbondanzieri et al., Nature 438, 460 (2005)



Different types of optomechanics
▪ Optical tweezers:

Abbondanzieri et al., Nature 438, 460 (2005)

Using near-field produced from metallic structures:



Different types of optomechanics
▪ Levitated optomechanics (levitodyamics):

@ N. Vamivakas, U. Rochester

No mechanical link 
Possibility to control the potential shape



Different types of optomechanics
▪ Electromechanics:



Different types of optomechanics
▪ Electromechanics:

Large coupling enables cooling 
with only one photon



Classical fluctuation spectrum



Classical fluctuation spectrum



Classical fluctuation spectrum



Experimental realization

The problem:



~ 40mK

~ 1.7mK

~ 200µK

Cavity cooling



Cavity cooling with non-linearity



Cavity cooling with non-linearity



Barℏ

BAR device (high-overtone bulk 
acoustic wave resonator)

ℏ

Y. Chu, et al. Nature 563, 666 (2018)



Climbing the Fock ladder



Non-Gaussian states



Levitation and ground state cooling

U. Delic, et al. Science 367, 892 (2020)



Levitation and ground state cooling



Teleportation and mechanics

N. Fiaschi, et al. Nat. Phys. 15, 817 (2021)



Teleportation and mechanics

S. Kotler, et al. Science 372, 622 (2021)
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