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Adaptive phase estimation through a genetic
algorithm

One of the fundamental motivations for science and technology is measurement of parameters with extreme
precision. Quantum metrology is a significant application of quantum information theory for emerging quan-
tum technologies, which exploits the theories of quantum mechanics, like entanglement, to surpass the limits
on measurement and estimation of parameters realized using only classical techniques [1]. Phase estimation
is a framework of quantum metrology where the challenge is estimation of unknown phase shifts by develop-
ing optimal protocols that estimate the phase to maximum possible precision by exploiting minimum number
of resources [2,3]. We have designed a robust machine learning algorithm for the process of adaptive feed-
back based phase estimation using single photons in a Mach-Zehnder interferometer, which is able to deliver
high performance using only a few resources [4]. The designed algorithm is a Genetic Algorithm, which is
a search based evolutionary algorithm used for an offline optimization of control feedback policies that are
used during the phase estimation process. The results of estimation show that the value of the unknown phase
can be estimated using a limited number of photons, with an accuracy close to the theoretical limits. We also
explored the performance of our algorithm in the presence of usual sources of errors, in order to concoct
noise-robust policies that are tailored for both noisy and noiseless cases. Our results illustrate the potential
of extending such methodologies to other applications in quantum metrology and for solving more general
problems related to quantum information, where an adaptive approach could be used with optimal feedback
control.
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