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Project motivation
Temperature is one of the most important physical variables of state, influencing physical, chemical and biological processes. Current
primary temperature sensors rely on antiquated technologies and are furthermore fragile and sensitive to external constraints, thus the need
of new primary sensor technologies.
This project aims at developing new quantum temperature standards via the detection of the small quantum correlations between the
optical and mechanical states of high quality optomechanical crystals (OMCs).

Physics

• The Brownian motion of the OMC will imprint phase fluctuations
on a resonant optical probe.

• Quantum correlations arising from the quantum fluctuations of e
probe will give an absolute scale for the calibration of the thermal
noise.

• This procedure allows a direct access to the thermodynamical
temperature of the thermal bath.

• The inherent quantum fluctuations of the optical probe will induce
radiation pressure noise.

Quantum correlation thermometry relies on the following effects: • Finite Element Method (FEM) and Finite Difference Time Domain
(FDTD) simulations were carried out to design Optomechanical
Crystals, achieving a large zero-point optomechanical coupling
(𝑔𝑔0 ≃ 2𝜋𝜋 × 4MHz) between cavity photons and phonons.

Simulations

• Co-localized optical and mechanical modes interacting through
radiation pressure:

 Near-IR optical mode (𝑄𝑄𝑂𝑂 > 106)
 GHz mechanical mode (𝑄𝑄𝑀𝑀 > 105)

Fabrication

• Samples were fabricated on 200 µm silicon nitride on silicon wafers.
• The process was optimized to yield a high etching resolution and

robust structures.
• The optical and mechanical properties of the structures are currently

under investigation.

• A set of Cernox temperature probes will be used to compare the
temperature measured via quantum correlation thermometry and
the temperature measured by calibrated resistive thermometers.

• Long term, calibration of the developed optomechanical
thermometers will provide traceability to the established
temperature scale and will allow the comparison of their
performances as primary sensors with respect to the ITS-90
temperature standard.

Metrological validation
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