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            Abstract
Optomechanical systems1, in which light drives and is affected by the motion of a massive object, will comprise a new framework for nonlinear quantum optics, with applications ranging from the storage2,3,4 and transduction5,6 of quantum information to enhanced detection sensitivity in gravitational wave detectors7,8. However, quantum optical effects in optomechanical systems have remained obscure, because their detection requires the objectâ€™s motion to be dominated by vacuum fluctuations in the optical radiation pressure; so far, direct observations have been stymied by technical and thermal noise. Here we report an implementation of cavity optomechanics9,10 using ultracold atoms in which the collective atomic motion is dominantly driven by quantum fluctuations in radiation pressure. The back-action of this motion onto the cavity light field produces ponderomotive squeezing11,12. We detect this quantum phenomenon by measuring sub-shot-noise optical squeezing. Furthermore, the system acts as a low-power, high-gain, nonlinear parametric amplifier for optical fluctuations, demonstrating a gain of 20â€‰dB with a pump corresponding to an average of only seven intracavity photons. These findings may pave the way for low-power quantum optical devices, surpassing quantum limits on position and force sensing13,14, and the control and measurement of motion in quantum gases.
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                    Figure 1: Schematic of cavity and heterodyne detection set-up.
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Figure 2: Optomechanical transduction of classical amplitude modulation.
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Figure 3: Ponderomotive squeezing and the optomechanical response to quantum radiation pressure fluctuations.
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        Editorial Summary
Radiation pressure's quantum signature
Cavity optomechanics â€” the study of the phenomenon by which light exerts a force on massive objects in a cavity through a force known as radiation pressure â€” is a highly active research field. Until now it has not been possible to detect quantum aspects of this force because of the masking effect of technical and thermal noise. Here, Daniel Brooks et al. report a cavity optomechanical system consisting of ultracold atoms in which the collective atomic motion is dominantly driven by fluctuations in quantum radiation pressure. The back-action of this motion onto the cavity light field produces a quantum effect known as ponderomotive squeezing. The results could lead to various applications, including subquantum-limited measurements in optomechanical sensors, fundamental tests of quantum mechanics at macroscopic scales and mechanical links between quantum devices.
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