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Task: Compute an estimator from the output distribution
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We need to find optimal probes and measurements

Complicated under noise and device limitations

: " New
NISQ techniques come to the rescue: =X — Dararmeters
use variational approaches cost
L U

Prior work'42 focused on single-parameter

metrology and surrogates for the
Quantum Fisher Information
Qutput Circuit

Kaubruegger, Raphael, et al. Physical Review Letters 123.26 (2019): 260505.
2Koczor, Balint, et al. "Variational-State Quantum Metrology." New Journal of Physics (2020).
3Yang, Xiaodong, et al. npj Quantum Information 6.1 (2020):1-7.
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Quantifty the quality with the classical Cramér-Rao bound

GCeneralize to the multi-parameter setting
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Fisher Information Matrix w.r.t. the physical parameters
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Exploit parameter-shift rule'? to calculate derivatives

1

Oipi(P) = 3 :pz (fb +

ISchuld, Maria, et al. Physical Review A 99.3 (2019): 03233.

T
—e
2

i) =

2Banchi, Leonardo, and Gavin E. Crooks. arXiv preprint arXiv:2005.10299 (2020).

(s

¢—§€j

)




Cost Function



Cost Function

We are usually interested in a function of the parameters:
Exploit transformation rule of Fisher Information Matrix



Cost Function

We are usually interested in a function of the parameters:
Exploit transformation rule of Fisher Information Matrix

f=F@) ~ Ip=J"1y



Cost Function

We are usually interested in a function of the parameters:
Exploit transformation rule of Fisher Information Matrix

f=F@) ~ Ip=J"1y

Need a scalar cost function:
Apply weighted trace to both sides of the CRB!



Cost Function

We are usually interested in a function of the parameters:
Exploit transformation rule of Fisher Information Matrix

f=F@) ~ Ip=J"1y

Need a scalar cost function:
Apply weighted trace to both sides of the CRB!

1 1
ik o)t > —T I77} = —
r{W Cov(p)} > - r{Wli, } nCW



Cost Function

We are usually interested in a function of the parameters:
Exploit transformation rule of Fisher Information Matrix
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A Treatment of different models of encoding processes
« Guidelines for implementation

« Numerical Experiments

« Extensions of the algorithm

« A parameter-shift rule for noise channels



ake-Home Message

Near-term quantum computers
can be used to design the next
generation of guantum sensors



Thank you for your attention!
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