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Usefulness of weak measurements in improving the precision of
quantum parameter estimation
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Abstract: Quantum metrology concerns how to achieve the highest precision of physical parameters by quantum re-
sources, which has broad applications in many fields. For closed quantum systems, the accuracy attained with entangled
quantum probes can significantly surmount that of classical strategies. However, when noises such as decoherence are tak-
en into account, the quantum gain may be jeopardized. In this paper, weak measurement is adopted to improve estimation
precision in the presence of amplitude-damping decoherence, and it is demonstrated that the method of weak measurement
can recover estimation precision to the Heisenberg limit, even though the success probability is in a exponential attenuation.
Furthermore, the effectiveness of weak measurement in improving the estimation precision is investigated when ancillary

systems are implemented.
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Fig. 1 Parameter estimation protocol with weak measurements
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and weak measurements
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