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The field of optomechanics deals with interac-
tion between light and mechanical objects. One of
the important goals in the field is manipulation of
a mechanical state with a quantum precision. This
allows for creation of non-trivial quantum states of
mechanical objects and interfacing them with light
or microwave radiation without significant informa-
tion loss. Such operation regime requires that the
coupling strength between the optical and the me-
chanical modes is comparable to or exceeding me-
chanical decoherence rate.

In achieving this regime, one generally benefits
from low mechanical losses, operation at low tem-
perature, and large coupling between optical and
mechanical systems. Superfluid helium is a liquid
which is uniquely well-fit to meet these require-
ments.

FIG. 1. Schematics of the device. The faces of two
optical fibers form a Fabry-Perot cavity which confines
both optical (intensity is shown by the line) and acoustic
(shown by shade variation) modes.

In our work we couple infrared light to a stand-
ing acoustic wave in superfluid helium in a cavity
optomechanics setting. Both optical and mechan-
ical modes occupy the same space inside a Fabry-
Perot cavity, as shown in figure 1. The optome-
chanical coupling is mediated through dependence
of the helium index of refraction on its density, so
density modulations caused by acoustic vibrations
change the effective optical cavity length.

This optomechanical coupling allows us to mea-
sure the mechanical motion, and use the optical

field to exert a force (“radiation pressure”) on the
mechanical oscillator. The coupling achieved in our
system is strong enough to affect frequency and
damping of the mechanical mode through the dy-
namic backaction.

Furthermore, we are able to measure undriven
fluctuations of the mechanical mode, and resolve
their average energy with the precision better than
the single quantum. These measurements thus al-
low us to observe the difference between the Stokes
and anti-Stokes scattering rates, which manifest as
an effective difference of a single quantum between
the energies inferred from the two motional side-
bands (shown in figure 2 in red and blue for Stokes
and anti-Stokes respecitvely). One of the inter-
pretations attributes this effect to the zero-point
(quantum) fluctuations of the mechanical mode.

Additionally, we investigated the correlator be-
tween the two motional sidebands (green in figure
2). Part of this correlator comes from the funda-
mental noise in the radiation pressure force, whose
origin lies in quantum fluctuations of the optical
field.

FIG. 2. Power spectral densities of the two motional
sidebands (long-dashed red, short-dashed blue) and
their cross-correlator (solid green).


