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The radiation pressure interaction of light with a mechanical oscillator, used for example to interferometrically 

measure the force acting on the oscillator, leads to a fundamental disturbance on the oscillator. This disturbance – 

measurement backaction – is due to the quantum fluctuations in the amplitude of the light. When the phase of the light 

is detected to infer the mechanical position, quantum fluctuations in the phase – measurement imprecision – leads to 

a further uncertainty in the estimate of the position. In this conventional measurement strategy, these two noise sources 

impose a fundamental limit on the ability to estimate the position of the mechanical object – the so-called standard 

quantum limit [1]. However the two noise contributions are in general correlated. The fluctuations in the amplitude 

quadrature drive the mechanical oscillator, and this backaction driven motion is transduced into the phase quadrature. 

Correlations thus established form a valuable quantum mechanical resource: the optomechanical system may be 

viewed as an effective Kerr medium emitting squeezed states of the optical field, or the correlations can be directly 

employed for back-action cancellation in the measurement record via “variational measurements” [2]. 

We describe an experiment that observes optomechanically generated quantum correlations at room temperature 

(ca. 300 K), and a proof-of-principle demonstration of their use in enhancing the ability to estimate a coherent off-

resonant force [4]. Our system consists of a Si3N4 nanomechanical oscillator coupled dispersively to a whispering 

gallery mode of a silica disk cavity [5]. By placing the beam in close proximity (≈ 50 nm) to the disk, together with 

an increased participation ratio of the oscillator, a vacuum optomechanical coupling rate of 𝑔0 ≈ 2𝜋 × 60 kHz is 

attained. Together with the high mechanical 𝑄 ≈ 3 × 105 (corresponding to a decay rate of Γ𝑚 ≈ 2𝜋 × 12 Hz) and 

an optical cavity in the bad-cavity limit (cavity decay rate, 𝜅 ≈ 2𝜋 × 4.5 GHz, mechanical resonance frequency of 

the fundamental out-of-plane mode Ω𝑚 ≈ 3.4 MHz) the device attains a near unity single photon cooperativity, 𝐶0 ≈
0.27, at room temperature.  

Despite not being in the quantum backaction dominate regime, we show how homodyne detection of the 

transmitted optical field near the amplitude quadrature (“variational measurement”), together with the ability to probe 

far away from the mechanical resonance frequency, allows us to detect signatures of the correlations established by a 

mechanical oscillator, circumventing the large 𝑛𝑡ℎ ≈
𝑘𝐵𝑇

ℏΩ𝑚
≈ 106 thermal phonon occupation. In this regime, the effect 

of quantum correlation is to cause an asymmetry in the homodyne photocurrent spectrum [6]. By comparing pairs of 

spectra close to, and symmetric about the amplitude quadrature, we observe an asymmetry at the level of 5% consistent 

with predictions from a theoretical model.  

In a final experiment  [4], we also demonstrate how these correlations can be used to enhance the relative signal-

to-noise ratio for the estimation of an external force applied away from resonance. Ultimately, these experiments 

signal the emergence of cavity quantum optomechanics at room temperature, and the possibility of room temperature 

quantum enhanced metrology using such a platform. 
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