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Summary

- Standard quantum limit
- Cold atoms for optomechanics
- Measuring force sensitivity

- The phase-space picture



Limits on measuring forces

Accuracy of measurement limited to zero-point-fluctuations in one damping
period [see Clerk et al., RMP 82, 1155 (2010)]
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The effort so far
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Quadrature-sensitive measurement
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Standard quantum limit
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Standard quantum limit

S — oo |+ 14 C
= 4L PHo oM

_ o) | o(bath) | (ba)
A =S S TSy

(imp) _ ~(ba) (bath)
S =S¢r >Sff /2

SQL(experiment)

Sensitivity




Cold atoms for optomechanics

* Decoupling from environment:
atoms trapped in 845 nm standing-
wave optical dipole trap

« Dispersive measurement: probe light
Is detuned from atomic transition at
780 nm by A, VNg

« Atoms collectively shift cavity
resonance Ayx g2 sin?(kz)

 Mechanical ground state: shot-noise
limited probe allows interrogation with

no added technical noise (images + apparatus construction
credit: Tom Purdy!)




Cold atoms for optomechanics

« Atom chip allows precise cloud positioning

« Collective atomic motion = mechanical degree of freedom

A PPN output to
H = hwcata + hw,bTh atom transport detectors

A from loading region
+hgou (b + bT)ata
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Cold atoms for optomechanics
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Applying a force

G

z = Yy (@) Fext(w)

« AC trap intensity 1 .
modulation shifts — = yy(w) = '
atoms center-of- dF 2Mwp —(|o| — wpy) —iT/2

mass




Measuring applied force
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« On cavity b = Jom . 10—5
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Measuring applied force

Apply coherent classical force of
fixed strength at incremental
frequencies

Coherent response = average
Fourier transform at driven
frequency

Incoherent response = average
noise power spectrum
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Signal and noise spectra
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Measured sensitivity o sl
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ldeal vs. experimental SQL
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Phase-space response

Prepare and measure sample ~1000 times at each measurement strength

Incoherent response 2. Coherent response
2f  (noise) (signal + noise)
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I
Phase-space response
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What's next
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Aspelmeyer et. al, arXiv:1303.0733v1 (2013)
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Force calibration
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