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In cavity optomechanics the state of a mechanical system can be manipulated by interfacing it with
light via radiation pressure. It can be understood by considering a canonical optomechanical system,
which consists of a high finesse Fabry-Perot cavity, in which one mirror is attached to a spring and forms
a mechanical simple harmonic oscillator. The photons carry momentum, that can be transferred to the
mirror, upon reflection. The cavity enhances the interactions, by causing each photon to transfer its
momentum multiple times. A mechanical oscillator with high quality factor increases the effect of each
transfer. The optomechanical coupling arises because the resonant frequency of the cavity depends on
the displacement of the mechanical oscillator and the force on the mechanical oscillator is proportional
to the number of photons in the cavity.

Figure 1: The cavity is formed between two
mirrored optical fibers inside a glass alignment
ferrule, which is glued into a superfluid helium
tight cell.

The majority of mechanical systems used to date are solid
objects (membranes, nanowires, mirrors, etc); however fluids
can also be used as a mechanical element. Compared to solids,
fluids have an advantage: they don’t require careful alignment
between the optical cavity and the mechanical element. The
fluid can conformally fill or coat the optical cavity. How-
ever, almost all optomechanical systems need to be cooled to
milliKelvin temperatures in order for quantum effects to be
observed. Liquid helium is the only fluid that doesn’t solidify
under its own pressure at these temperatures.

We have developed an optomechanical system in which
the mechanical mode is a standing density wave in superfluid
helium in a 70 µm long Fabry-Perot cavity1. The optical
mode is also a mode of the same cavity (see Fig. 1). Thus, the
system is completely self-aligned. We drive the mechanical
mode with light by modulating the optical intensity. We also

observed the mode’s undriven thermal motion (Fig. 2(a)) and from that extracted the phonon number.
We measured phonon number as low as n = 11. Fig. 2(b) shows n vs. bath temperature. Red line is
given by n = ~ωm/kBT , where ωm is the mode’s resonance frequency.

Figure 2: (a) Normalized power spectral density of the thermal motion of the acoustic mode. The peak height
corresponds to the mean phonon number n. (b) Mean phonon number n versus bath temperature.
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