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• Cavity	optomechanics		fabry	perot	
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High sensitivity displacement readout
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De Lorenzo, L. A., and K. C. Schwab. "Superfluid 
optomechanics: coupling of a superfluid to a 
superconducting condensate." New Journal of 
Physics 16,11, 113020 (2014)

Superfluid optomechanics 

A.D. Kashkanova, A.B. Shkarin, C.D. Brown, 
N.E. Flowers-Jacobs, L. Childress, S.W. 
Hoch, L. Hohmann, K. Ott, J. Reichel, J.G.E. 
Harris, Nature Physics 13, 74-79 (2017).
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Ultra-Low Dissipation Superfluid 
Micromechanical Resonator, F. Souris, X. 
Rojas, P.H. Kim and J.P Davis, Phys. Rev. 
Applied 7, 044008 (2017).
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Superfluid optomechanics
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Nature Physics volume 12, pages788–793, 2016
Physical Review X, 6:021012, 2016 
New Journal of Physics, 18(12):123025, 2016



Applications

Strong optical coupling with 
Brillouin lasing�
(next talk by Yasmine Sfendla)
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Real-time observation of vortex 
dynamics in a strongly 
interacting superfluid film
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E. J. Yarmchuk, M. J. V. Gordon, and R. E. Packard, 
Observation of stationary vortex arrays in 
rotating superfluid helium, Phys. Rev. Lett., 43:214, 
1979
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Vortex imaging in superfluid helium

Gomez, L. F.,…,Vilesov, A. F. Shapes 
and vorticities of superfluid helium 
nanodroplets. Science 345, 906-9 
(2014).

Ø  Vortex dynamics not yet observed in thin films

Phys. Rev. Lett. 43,�
 214 (1979)

Phys. Rev. Lett. 83,�
 2498 (1999)
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Stefan Forstner, Yauhen Sachkou, Matt Woolley, Glen I. Harris, Xin He, Warwick P. Bowen, and Christopher G. Baker. 
"Modelling of vorticity, sound and their interaction in two-dimensional superfluids.” arXiv:1901.05167 (2019).
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Vortex sound interactions
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èConsequence of R4 
meff dependency:
Huge advantage to going 
towards miniaturized 
micrometer sized 
resonators:
109 times lower effective 
mass than previous third 
sound resonators.
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Vortex sound interactions
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Vortex sound interactions
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Stefan Forstner et al: arXiv:1901.05167 (2019). M. S. Hanay et al., Nat. Nanotech. 10, 339-344 (2015). 
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Vortex generation 
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superfluid on a silicon chip.”  arXiv:1902.04409 (2019)
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Vortex generation 
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Splitting decay
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3.9 kHz
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Splitting decay

2.7 kHz
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Splitting decay

1.7 kHz

21 



QFS	2019,	Edmonton 

Sachkou, Y. P., Baker, C. G., Harris, G. I., Stockdale, O. R., Forstner, S., Reeves, M. T., ... & Bowen, W. P.  “Coherent vortex dynamics in a strongly-interacting 
superfluid on a silicon chip.”  arXiv:1902.04409 (2019)

	 22 



Non-equilibrium vortex dynamics
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Non-equilibrium vortex dynamics
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Summary
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•  Dynamics of strongly interacting superfluids�
is essential but difficult to study

•  New technique allowing to study non-equilibrium�
vortex dynamics of a strongly interacting superfluid 
film

•  First single-shot vortex tracking and observation of 
evaporative heating in a strongly interacting 
superfluid film
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Testing various vortex decay scenarios
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