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Fig. 1. Unidimensional Gaussian modulation continuous-variable quantum key distribution models: (a) Preparation and measure-

ment scheme; (b) entanglement-based scheme.
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Fig. 2. (a) Actual optical pulse intensity dynamically
changes over time; (b) the actual prepared coherent state
may deviate from the target coherent state’s location in the

phase space under the influence of source intensity errors.
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Fig. 3. (a) Comparison of secret key rates at various trans-
mission distances for intensity fluctuation models following
a uniform distribution; (b) comparison of secret key rates at
various transmission distances for intensity fluctuation

models adhering to a Gaussian distribution.
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Abstract

Unidimensional Gaussian modulation continuous-variable quantum key distribution (UD CV-QKD) uses

only one modulator to encode information. The UD CV-QKD has the advantages of low implementation cost

and low random number consumption, making it attractive for the construction of future miniaturized and low-

cost large-scale quantum communication networks. However, in the actual application of the protocol, the
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intensity fluctuation of the source pulsed light, device defects, and external environmental interference maybe
lead to the generation of source intensity errors, thereby affecting the realistic security and performance of the
protocol. To solve these problems, the security and performance of UD CV-QKD are studied in depth under
source intensity errors in this work. The mechanism of source intensity errors influencing the protocol
parameter estimation process is analyzed. To make it possible that the protocol can operate stably under
various realistic conditions and ensure communication security, three practical assumptions about the sender’s
abilities are made in this work, and corresponding data optimization processing schemes for these assumptions
are proposed to reduce the negative influence of source intensity errors. Additionally, both source errors and
finite-size effect are comprehensively considered to ensure the realistic security of the system. The simulation
results indicate that the source intensity errors cannot be neglected and the maximum transmission distance of
the system will be reduced by approximately 20 km for significant intensity fluctuations. Therefore, in the
practical implementation of the protocol, the influence of source intensity errors must be fully considered, and
the corresponding countermeasures should be taken to reduce or even eliminate these errors. This study
provides theoretical guidance for securely implementing the UD CV-QKD in real-world environments.
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