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Metrology with atom position measurements

Quantum Metrology : Sensitivity Bound
Estimation of a physical - 1 1 h
parameter @ on which the A0 =
(quantum)state depends . VN v NJ
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Atom detection techniques

J. F. Sherson, et al., Nature 467(2010) A. Perrin, et al., Nat. Phys. 8(2012)
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Fluorescence

Schlosser, et al., Nature 411(2001)
S. Kuhr, et al., Science 293(2001)

K. D. Nelson, et al., Nat. Phys. 3(2007)
T. Bondo, et al., Optics Comm. 264(2006)
W.S Bakr, et al., Nature 462(2009)

R. Buecker, at al., NJP 1 1(2009)

D. Heine, et al., NJP 12(2010)
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Estimation from the average density

Measurement

« N\ 0(2]0) = (thout (0)F (2)F () [Yhous (0))

[Estimation Protocolj

i) Imprint the true value 0
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Estimation sensitivity
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Estimation sensitivity
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Two-mode interferometry - Mach-Zehnder
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Two-mode interferometry - Mach-Zehnder
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Two-mode interferometry - Mach-Zehnder

—| Measurement , A2], h
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Two-mode interferometry - Mach-Zehnder
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Two-mode interferometry - Interference pattern
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Two-mode interferometry - Interference pattern

Phase squeezing Contrast
A?J,
Phase Shift + Expansion
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Two-mode interferometry - Interference pattern
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Multimode interferometry - BEC inside a lattice
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Multimode interferometry - BEC inside a lattice
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Multimode interferometry - BEC inside a lattice
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Summary & Outlook

|. General expression for the sensitivity of parameter estimation from
one-body density

* Two/Multi-mode, any interferometer, bosons/fermions

2. Measurement on interfering BEC
* SSN sensitivity in double-wells fitting the interference density
e “Heisenberg” scaling with number of lattice sites
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