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Fig. 1.

A quantum circuit for teleportation of a single-qubit state via a GHZ state: (a) Only qubit 3

undergoes decoherence; (b) qubits 1 and 2 undergo decoherence; (¢) qubits 1, 2 and 3 simultaneously

undergo decoherence.
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Fig. 9. The improvement efficiency n¢ of QFT is plotted versus the parameter p for three kinds of teleportation

schemes suffering from GAD noises after the optimization of partial measurements: (a) r = 0.85; (b) r = 0.95.
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Abstract

The purpose of quantum teleportation is to achieve perfect transmission of quantum information from one site
to another distant site. In the teleportation process, the quantum system is inevitably affected by its surrounding
environment, causing the system to lose its coherence, which will result in distortion of the transmitted information. In
recent years, weak measurement and measurement reversal have been proposed to suppress the decoherence of quantum
entanglement and protect some quantum states. On the other hand, quantum Fisher information (QFT) is an important
physical quantity in quantum metrology, which can give the optimal value estimating the accuracy of parameters. As
is well known, QFI is highly susceptible to environmental noise and can lead its measurement accuracy to decrease.
Therefore, it is of great importance to examine how to protect QFI from being influenced by the external circumstance
during the teleportation procedure. In this paper, we study how to improve the QFI of teleporting a single-qubit state
via a Greenberger-Horne-Zeilinger state in a finite temperature environment with the technique of weak measurement
and weak measurement reversal. According to different qubit transmission cases of three quantum teleportation schemes,
we consider their respective QFIs in detail. After constructing the quantum logic circuit of each teleportation scheme,
we first analyze the variance trend of QFI against the generalized amplitude damping noise parameters. Then by
introducing weak measurement and measurement reversal on each noise particle of the three schemes, we optimize the
related partial measurement parameters and explore the corresponding improved QFI, namely, the difference between
the QFI with optimal partial measurements and that without partial measurements. We find that optimizing partial
measurements can efficiently enhance the QFI of the teleported state for the three kinds of teleportation schemes at
finite temperature. Moreover, with the value of p fixed, the lower the environment temperature, the larger the value of
the improved QFI is. Our results could be useful in further understanding the applications of weak measurement and
measurement reversal to the quantum communication process and may shed light on estimating some relevant quantum

parameters and implementing quantum information tasks.

Keywords: quantum teleportation, generalized amplitude damping, weak measurement, quantum Fisher

information
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