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Abstract

Schrodinger cat state is an important non-classical state, and it can be used in quantum teleportation, quantum
computation and quantum repeater. Schrodinger cat state is usually obtained experimentally by subtracting one photon
from a squeezed-vacuum state. The fidelity between a photon-subtracted squeezed state and a cat state can be very high
under suitable parameters. However, the quality of the generated state will be affected by the imperfect experimental
conditions. In this paper, the effect of imperfect experimental conditions on the generation of cat state is theoretically
calculated and analyzed.

The input squeezed-vacuum field is represented by Weyl characteristic function, which contains the fluctuation
variance of the squeezed and amplified noises. The characteristic function of generated state is obtained by using
the transmission matrix of beam splitter and the measurement operator of single-photon detector. We acquire the
expression of Wigner function of generated state by the Fourier transform of the Weyl characteristic function. The
fidelity is calculated by using the formula F = %f d?¢C1 (¢) Cleat—y (¢), where C1 (¢) and Cjear— (¢) represent Weyl
characteristic function of the generated state and the Schrodinger cat state, respectively. The imperfection of the input
squeezed state, the imperfection of the single-photon detector and the loss of the balanced homodyne detection are
included in our theoretical model. We calculate the Wigner function at the phase-space origin W (0) and the fidelity in
terms of different experimental parameters.

The results show that the fidelity and negativity of W (0) decrease with squeezing purity decreasing. A pure
squeezed-vacuum state is composed of even photon number states. In the case of impure squeezing, some odd photon
number states appear in the photon number distribution. After subtracting one photon from the impure squeezing state,
the generated state consists of not only odd photon number state but also even photon states, which degrades the fidelity
of the generated state. The lower squeezing purity is required to meet the demand for W(0)<0 under the condition of
higher squeezing degree. There is an optimal squeezing degree to maximize the fidelity of generated state with impure
squeezing. The use of inefficient on-ff single-photon detector and the loss of the balanced homodyne detection will further
reduce the fidelity of the generated state. Under the practical experimental condition: squeezing degree s = —3 dB, the
squeezing purity g = 99% and the quantum efficiency of balanced homodyne detection n = 98%, the fidelity of generated
state can reach 0.88 with using a commercially available on-off single-photon detector. This work can provide theoretical

guidance for generating a high-quality Schrodinger cat state.

Keywords: Schrodinger cat state, photon subtraction scheme, Wigner function, fidelity
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