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Abstract: In quantum metrology, one of the major applications of quantum technologies, the ultimate precision of estimating an unknown parameter
is often stated in terms of the Cramér-Rao bound. Yet, the latter is no longer guaranteed to carry an operational meaning in the regime where few
measurement samples are obtained. We instead propose to quantify the quality of a metrology protocol by the probability of obtaining an estimate
with a given accuracy. This approach, which we refer to as probably approximately correct (PAC) metrology, ensures operational significance in the
finite-sample regime. The accuracy guarantees hold for any value of the unknown parameter, unlike the Cramér-Rao bound which assumes it is
approximately known. We establish a strong connection to multi-hypothesis testing with quantum states, which allows us to derive an analogue of
the Cramér-Rao bound which contains explicit corrections relevant to the finite-sample regime. We further study the asymptotic behavior of the
success probability of the estimation procedure for many copies of the state and apply our framework to the example task of phase estimation with
an ensemble of spin-1/2 particles. Overall, our operational approach allows the study of quantum metrology in the finite-sample regime and opens
up a plethora of new avenues for research at the interface of quantum information theory and quantum metrology. TL;DR: In this talk, I will
motivate why the Cramér-Rao bound might not always be the tool of choice to quantify the ultimate precision attainable in a quantum metrology
task and give a (hopefully) intuitive introduction of how we propose to instead quantify it in a way that is valid in the single- and few-shot settings.
We will together unearth a strong connection to quantum multi-hypothesis testing and conclude that there are many exiting and fundamental open
questions in single-shot metrology!

---

Zoom link https://pitp.zoom.us/j/92247273192?pwd=ZkprOFZ0eEdQYjJDY1hneFNLckFDZz09
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