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MAIN RESULTS
• Room temperature optomechanical squeezing of 1.09 dB
• Optomechanical sensor operating within a factor of 2.5 of the Heisenberg limit
• Conditional displaced thermal states of motion with 0.97 phonon occupation
• Suppression of cavity mirror vibrational noise by a factor of more than 700

MEMBRANE-IN-THE-MIDDLE SYSTEM
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Membrane-in-the-middle system with phononic-density-modulated membrane [1]
Optomechanical parameters:

g0/2π = 160Hz κ/2π = 34.2MHz meff = 7ng

Ωm/2π = 1.16MHz Γm/2π = 6.4mHz xzpf = 1.0 fm

PHONONIC CRYSTAL MIRROR
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Cavity mirrors patterned with phononic crystals using a precision dicing saw
Mirror vibrations are suppressed 700-fold within the bandgap centered on 1MHz

PONDEROMOTIVE SQUEEZING
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Thermal intermodulation noise (TIN) is suppressed at magic detuning [2]
Localized mode is sideband-cooled to 21 phonon occupancy

CONDITIONAL STATE PREPARATION
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Conditional states are prepared using a multimode Kalman filter
Total measurement efficiency of ηmeas = Γmeas/(Γth + Γqba) = 0.16

THERMAL INTERMODULATION NOISE CANCELLATION

TIN is suppressed in detection with a single-port homodyne scheme [2]

MEMBRANE FABRICATION PROCESS
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Pillars of amorphous silicon are patterned on a high aspect ratio Si3N4 membrane
A localized mode with Q = 1.8× 108 is realized by phononic-bandgap engineering
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