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UANTUM METROLOGY

Gravitational wave detector Cesium Fountain atomic clock
(LIGO)

AL/L ~ 10—23 At/t ~ 1016

What are the precision limits?



Michelson interferometer
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QUANTUM METROLOGY (BUT FOR SLIGHTLY LE35 NALVE THEORISTS)
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Quantum
channel Ramsey interferometry
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QUANTUM METROLOGY: QUANTUM CHANNEL ESTIMATION
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QUANTUM METROLOGY: QUANTUM CHANNEL ESTIMATION
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QUANTUM METROLOGY: QUANTUM CHANNEL ESTIMATION
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QUANTUM METROLOGY: QUANTUM CHANNEL ESTIMATION
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QUANTUM METROLOGY = QUANTUM CHANNEL ESTIMATION
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QUANTUM METROLOGY = QUANTUM CHANNEL ESTIMATION
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QUANTUM METROLOGY = QUANTUM CHANNEL ESTIMATION
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lql Classical Estimator
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Input state Measurement
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QUANTUM METROLOGY = QUANTUM CHANNEL ESTIMATION
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EXAMPLE: PHASE ESTIMATION
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QUANTUM METROLOGY = QUANTUM CHANNELS ESTIMATION
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QUANTUM M[TROLOGY: QUANTUM CHANNELS ESTIMATION
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R. Demkowicz-Dobrzanski, J. Kotodynski, M. Guta, Nat. Comm. 2012
S. Zhou, L. Jiang, PRX Quantu m 2021



QUANTUM M[TROLOGY: QUANTUM CHANNELS ESTIMATION
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QUANTUM M[TROLOGY: QUANTUM CHANNELS ESTIMATION
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GENERAL MANY CHANNEL SCHEMES
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GENERAL MANY CHANNEL SCHEMES
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EVEN MORE GENERAL MANY CHANNEL SCHEMES
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HTERARCHY OF METROLOGICAL STRATEGIES

Ay

=

A

Liu, Qiushi, et al. "Optimal strategies of quantum metrology with a strict
hierarchy." Physical Review Letters 130.7 (2023): 070803.




ASYMPTOTIC EQUIVALENCE OF METROLOGICAL STRATEGIES
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These three schemes are equally good asymptotically!

SK, W. Gérecki, F. Albarelli, R. Demkowicz-Dobrzanski, Using Adaptiveness and Causal Superpositions

Against Noise in Quantum Metrology, Phys. Rev. Lett. 131, 090801
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CONCLUSIONS

e Adaptiveness and causal superpositions may help,
but not asymptotically

e Entanglement 1is a crucial resource in a quantum
metrology



THANKS FOR YOUR ATTENTION!
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