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Fig. 1. Experimental setup for clock self-synchronization in the MDI-QKD system. Laser, laser signal; IM, intensity modulator;

AWG, arbitrary waveform generator; GPS, global position system; VOA, variable optical attenuator; OFDL, optical fiber delay

line; BS, beam splitter; SNSPD, superconducting nanowire single photon detector; TDC, time digital converter; ICC, industrial con-

trol computer.
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Fig. 2. Clock drift test.
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Fig. 3. Characteristics of the second-order correlation function: (a) In the ideal synchronization state, the correlation function shows

a single peak; (b) the three-peak structure (main peak and symmetrical sidebands) of the correlation function at fixed delay; (c) the

increases in pulse duty cycle broadens the peak shape of the correlation function.
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Fig. 4. Core results for synchronization performance. (a), (b) Statistics on static synchronization accuracy. The time series and his-

togram of the residual synchronization error At gqua within 2 hours. (¢) Dynamic drift tracking curve. Time-dependent curves of

the measured path delay difference At in the system with and without feedback compensation under controlled linear temperature

drift.
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Abstract

Measurement-device-independent quantum key distribution (MDI-QKD), which introduces the untrusted
third-party measurement nodes, is fundamentally immune to all detector side-channel attacks and is a key
technology for building wide-area quantum secure communication networks. However, the existing systems
typically rely on additional dedicated optical fiber links for clock synchronization between the transmitter and
receiver. This not only increases system complexity and deployment costs but also introduces pulse timing
misalignment due to length mismatch between the synchronization and signal links, resulting in higher bit error
rates. This paper proposes and experimentally demonstrates a common-path clock self-synchronization method
based on the second-order correlation properties of the quantum signal. This method uses the second-order
correlation function of pseudo-random displacement optical pulse sequences sent by both communication parties
as the clock synchronization criterion. It directly extracts the channel delay information from the quantum
signal in real time and performs closed-loop feedback compensation via a tunable optical fiber delay line, thus
eliminating, in principle, the inherent drift risks associated with non-common-path transmission.

First, we establish a complete theoretical model based on the second-order correlation characteristics of the
optical pulse sequences. Starting with the sequences of pseudo-random displacement optical pulses emitted by
the two communicating parties, this model analyzes the evolution of their cross-correlation functions under the
optical fiber channel dynamic drift. It establishes a quantitative mapping between the characteristic peaks of
the correlation function and the path delay difference, thereby laying the theoretical foundation for extracting
synchronization information in real time from the quantum signals themselves and providing a basis for closed-
loop compensation. Second, we develop a clock self-synchronization experimental system with closed-loop
feedback control capabilities. Both the transmitter and receiver use global position system (GPS) reference
clocks and employ arbitrary waveform generators to modulate optical pulses with identical pseudo-random time
displacement sequences. By measuring the second-order correlation function between the two pulse sequences,
the receiver can accurately extract real-time relative delay information of the optical fiber link. This information

is then used to dynamically compensate for the delay through feedback control of a tunable fiber delay line,

* Project supported by the Quantum Science and Technology-National Science and Technology Major Project, China (Grant
No. 2021ZD0300705), the Fundamental Research Program of Shanxi Province, China (Grant Nos. 202503021211084,
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in Shanxi, China (Grant No. 20241L.433), and the High-level Talent Introduction Scientific Research Start-up Fund Project of
Shanxi Province, China (Grant Nos. RCK202320, RCK202320-1).
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thereby achieving adaptive synchronization of the transmitter clock. Finally, we wvalidate the self-
synchronization theory experimentally. Under different delay conditions, we measure the second-order
correlation function of optical pulse sequences encoded with pseudo-random displacement. The experimental
results confirm the quantitative mapping relationship between the characteristic peak positions of the second-
order correlation function and the path delay differences. Over a 100 km optical fiber link, we achieve a long-
term synchronization accuracy better than 77.7 ps (RMS) and demonstrate that the system can effectively track
and compensate for linear delay drifts of up to 7.8 ps/s.

In conclusion, this work abandons traditional independent synchronization links, thereby avoiding the
inherent drift problems caused by non-common-path transmission. It develops a high-precision, low-complexity
clock self-synchronization technology for MDI-QKD systems and offers a viable technical pathway for

promoting their practical deployment.

Keywords: measurement device independent, quantum key distribution, second-order correlation, self-

synchronization
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