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Optics vs optomechanics



OPTOMECHANICS



Force sensing
- why?
Notable examples
Cavendish 1797
- gravitational constant
Eotvos 1885
- equivalence principle



Force sensing
- develop force 
transducer optimized for 
dark sector searches



Chameleon experiments

@CAST



First? Idea - 2013  



Force sensing
- develop force transducer optimized for dark 
sector searches

MEMS – Silicon/Silicon Nitride/Silicon Carbide



Force sensing
- surface functionalizing?
Not so notable examples

https://www.biolinscientific.com/measurements/qcm-d



Force sensing
- develop force transducer 
optimized for dark sector searches

--> high density coating!
Pt, Au ...

Interaction probability
- dark energy
- dark matter
--> PROPORTIONAL 
TO MASS/DENSITY



Optical 
measurements
– Michelson interferometer with homodyne 

readout
– oscillation amplitude



Frequency
- bare membrane

- coated membrane

FEM Simulations
- discrepancy – 
theory/experiment

50 nm + 13 nm 
membrane

Inplane stress 1 GPa



- SEM cross - section
Study
– ellipsometry

45.5 nm + 13.3 nm
Si/Si3N4/Pt/air

- different thickness from nominal
- implantation of Pt atoms in Si3N4



Optical 
measurements
– Michelson interferometer with homodyne 

readout
– external influences

- TEMPERATURE
- ~ - 10 Hz / C
- relaxation of the membrane --> lowering the 
stress



Optical 
measurements
- PARTICLE FLUX - PHOTONS
- ~ - 2  kHz / mW
- relaxation of the membrane --> lowering the 
stress --> TEMPERATURE?
- not likely change in effective temperature ~ 
100 C
- radiation pressure – more likely / no change 
in amplitude

www.filmetrics.com/reflectance-calculator



Conclusion
– interesting device with sensitivity ~ 10 fN
- find a model compatible with simulation results
- novel DM directional detector
- measure dark sector / find particles beyond SM



Proposals



Proposal



Mechanical detection 
of nuclear decays
Jiaxiang Wang, T. W. Penny, Juan Recoaro, Benjamin Siegel, 
Yu-Han Tseng, and David C. Moore
Phys. Rev. Lett. 133, 023602 – Published 8 July 2024
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