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Superfluid helium offers a number of outstanding features for quantum optomechanical systems. 
Its optical absorption is exceptionally low, owing to its large bandgap (19 eV) and the complete 
absence of impurity atoms in carefully prepared samples. It offers high thermal conductivity at 
cryogenic temperatures, and can cool itself via evaporation. As with any liquid, it can conformally 
fill or coat an optical resonator, removing the need for in situ alignment. But unlike all other liquids, 
its viscosity vanishes and it does not solidify even at zero temperature. In addition to these technical 
advantages, superfluid He offers degrees of freedom that are novel to the field of optomechanics: the 
motion of vortex lines, of the fluid’s free surface, and of electrons bound to its surface. 

To begin to explore these new possibilities, we have developed an optomechanical cavity in which 
a pair of mirrors are immersed in superfluid liquid He. These mirrors confine paraxial modes of light 
and sound in the superfluid (Fig. 1). Optomechanical coupling arises because the density profile of 
one acoustic mode may shift the frequency of an optical mode; this detuning is proportional to the 
instantaneous “displacement” of the acoustic mode, and so the coupling is of the standard form: 

† †
int 0 ( )H g a a b b= +  where a and b are photon and phonon annihilation operators, and the coupling 

rate g0 is set by the amplitude of the acoustic mode’s zero-point fluctuations and by overlap between 
the optical and acoustic modes. 

We verify the form of this coupling via measurements of optomechanically induced transparency, 
and find that the value of g0 agrees with a priori estimates. We also find that the optical cavity’s 

performance is not compromised by filling it with 
superfluid He. The acoustic modes’ damping is also 
found to agree with a priori estimates, and is 
dominated by three-phonon scattering for T > 200 
mK, and phonon radiation into the mirrors for T < 200 
mK. 

When the acoustic mode is in thermal 
equilibrium, the Stokes- and anti-Stokes sidebands 
leaving the cavity show that the mode temperature 
can be cooled by the refrigerator to T = 80 mK, 
corresponding to a mean phonon number ~ 5. We find 
that the Stokes and anti-Stokes sidebands exhibit the 
asymmetry expected from standard quantum 
optomechanics theory, and that related effects appear 
in the cross-correlations between the two sidebands. 
These effects are typically interpreted as reflecting a 
combination of the acoustic mode’s zero-point 
motion, and of the quantum back-action from the 
measurement beam. 

 
Fig. 1: Top: Illustration of the device, in which an 
optic/acoustic cavity is formed between the end 
faces of two optical fibers. The cavity is in a brass 
cell that is thermally anchored to a dilution 
refrigerator and filled with superfluid helium. 
Bottom: Illustration of the co-localized optical and 
acoustic modes. 


