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CAVITY OPTOMECHANICS�

Principles of Nano-Optics, 2nd ed. (Cambridge University Press 2012)�

particle : Ω0�
cavity : ω0�
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PROBLEM STATEMENT�

focal field�
�

www.nano-optics.org �



SMALL OSCILLATION AMPLITUDES�

trap stiffness�
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EXPERIMENTAL PARAMETERS�

P = 50 mW�

NA = 0.8� n = 1.45 + i 8 10-9�

R = 73 nm�

λ = 1064 nm� m = 4 10-18 kg �

ktrap = 10 µN/m� Ω0 = 2π 125 kHz�

σscatt = (10 nm)2�B = 300 kHz�
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MEASURING THE TRAP STIFFNESS�
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POWER SPECTRAL DENSITY�
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QUALITY FACTOR �
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AMPLIFICATION �
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Ωmod�
�

Ω �



AMPLIFICATION �
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k0 sin(Ωmod t)	


nonlinear! �

x0 sin(Ω0 t)	




Power spectral density (x) : �
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Modulation: 0.1V  / Pressure: 3 10-3
 mBar� PRL, in print (2014)�



BISTABILITY / HYSTERESIS�
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BISTABILITY / HYSTERESIS�

Modulation: 0.1V  / Pressure: 3 10-3
 mBar� PRL, in print (2014)�



OSCILLATION IS PHASE-LOCKED �

PRL, in print (2014)�



NONLINEAR FREQUENCY FLUCTUATIONS�

Nonlinear frequency �
fluctuations add �
frequency noise, but �
do not affect damping ! �

Nature Phys. 9, 806 (2013)�



NONLINEAR FREQUENCY FLUCTUATIONS�

Nature Phys. 9, 806 (2013)�

Q T�



BOOSTING SENSITIVITY�

Force noise spectral density : �

Reduce T and keep Q high: �

Nature Phys. 9, 806 (2013)�
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COOLING �

-> GENERATION OF SIDEBANDS�
�
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PARAMETRIC FEEDBACK�
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FEEDBACK LINEARIZED �
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CENTER-OFF-MASS TEMPERATURE�

Integrating over Ω : �

Equipartition principle : �

For              :�
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CENTER-OFF-MASS TEMPERATURE�

Minimum Tc.m. :  Cooling rate (feedback gain)  = Reheating rate (collision with gas molecules)�

PRL 109, 103603 (2012)�



QUANTUM GROUNDSTATE�

Mean thermal occupancy : �

Quantum groundstate : �

Signal (area of Lorentzian lineshape)  ∞  Tc.m.      �Problem : �
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Extrapolating cooling curve:  � 10-10	
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NONEQUILIBRIUM DYNAMICS�

Pressure: 3 10-4
 mBar� Nature Nanotechnology, in print (2014)�



NONEQUILIBRIUM DYNAMICS�
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FLUCTUATION THEOREM�
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FORCE SENSITIVITY�

For   Ω = Ω0 and Sf
1/2 = ktrap Sx

1/2 :	


Minimum detectable force in bandwidth B : �

For                        :� in 1 sec	
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COUPLING OF COM AND INTERNAL (SPIN)�
DEGREES OF FREEDOM�

Ω0	


ω - Ω0	


c.f.  S. Kolkowitz et al., Science 335, 1603 (2012)�
D. Rugar et al., Nature 430, 329 (2004)�

Opt. Lett. 38, 2976 (2013)�



SUMMARY�

- Trapping and cooling with a single laser beam�

- Parametric active feedback (amplification and cooling)�

- Compression ratio of 104 ( < 50 mK)�

- Ultrahigh force sensitivity�

Jan Gieseler�


