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Abstract: [Objective] Mode-Pairing (MP)-Quantum Key Distribution (QKD) has garnered widespread attention due to its
ability to overcome the repeaterless quantum channel rate-distance limit and its independence from phase locking. However, as
the frequency of QKD systems increases, the afterpulse effect in detectors becomes more pronounced, negatively affecting the sys-
tem's security and robustness. [Methods] In this paper, we propose an improved afterpulse model for MP-QKD and optimize the
system parameters to reduce the afterpulse effect on the secure key rate. [Results) The results show that, even with an afterpulse
probability as high as 10%, the proposed scheme ensures that the system’s secure key rate remains comparable to the baseline
curve without afterpulse, indicating the robustness of the scheme. [Conclusion) The proposed MP-QKD method effectively sup-
presses the afterpulse effect, enhancing the system’s stability and security in high-frequency and long-distance communications.
In the future, as QKD technology becomes more widespread and high-frequency systems are increasingly deployed, improving the
performance of MP-QKD in more complex communication scenarios will significantly promote the large-scale deployment and
commercialization of quantum communication networks.
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Figure 1 A schematic diagram of the MP-QKD protocol
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