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Abstract: With the rapid development of time and frequency technology,the demand for improving the
accuracy and security of time synchronization is growing day by day. As a new system for time synchronization,
quantum time synchronization is an interdisciplinary technology integrating quantum optics and time-frequency,
which will provide a new generation of transformative technology for significantly improving accuracy and ensuring
timing security. Driven by the urgent needs of national strategies, the National Time Service Center of Chinese
Academy of Sciences is a pioneer in China in launching quantum time synchronization studies based on
frequency-entangled biphoton sources. To address the long-distance, high-precision applications of quantum
time synchronization, a theoretical model of quantum two-way time synchronization was proposed. Via
overcoming practical technologies such as generation of frequency-entangled biphoton sources and nonlocal
coincidence measurement, ultra-high-precision time synchronization demonstration over 50 km spooled

fiber was achieved, with a time deviation result of 54. 6 fs@57 300 s. Through optic-electronic control integrations,
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a prototype system for two-way quantum time synchronization was developed,and successfully applied in

field time synchronization systems, with synchronization stability reaching the subpicosecond level. Our

results have promoted the development of quantum time synchronization from frontier technology to

practical applications.

Keywords: quantum time synchronization;frequency-entangled biphotons;fiber-optic time transfer
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