
5x10-12kg



Q=150.000 leads to required T<8mK for bulk material





Optical Q=2100
Mechanical Q=137.000
PRL 96, 173901 (2006)



80 µm mirror 60 µm mirror

Best performance at 300K: mechanical Q>900.000, Finesse~40.000
Sideband resolved



Laguerre Gaussian mode decomposition

Gouy shift

Dustin Kleckner et al, diffraction limited high-finesse optical cavities
Phys. Rev. A 81, 043814 (2010)



Simulate diffraction limited finesse

Cavity length



Effect of defocusing: radial phase shift

For Finesse 106 and z0=10µm alignment accuracy 1nm required!



Effect of mirror roughness

Surface quality of curved mirror is expected bottle neck for reaching 
ultra high finesse  106-107



Armour et al PRL 88, 1483010 (02)

Mancini et al PRL 80, 688 (98)

Cohadon et al PRL 83, 3174 (99)



Optical Cooling
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measurement cavity
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Final energy of cooled mirror

780nm
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Optical Cooling
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D. Kleckner and D.B. Nature 444, 75 (2006).

Gain factor 2500



Passive Optical Cooling

Pos. optical spring
&

Gain / oscillation

Neg. optical spring
&

Damping / Cooling

� High finesse cavity causes phase lag
� Red detuning gives damping
� Blue detuning causes amplification

Sideband resolvedNon-sideband resolved

� Cavity enhances anti-stokes shift
� Suppression of stokes shifted line

Pump laser

Mechanical sidebands



Expected results (without laser noise)



Leiden, the Netherlands



Base temperature
100µK

Optics/cantilever

Vibration damping

Optical cooling 
100nK

Dilution 
refrigeration

10mK

Design





Vibration damping: Multi stage Eddy current damping



3rd generation optical setup

3rd generation 
mirror/cantilever





Obtained results

Laser phase noise 
explains asymmetry 
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