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Fig. 1. Wigner pictures of the quantum states of Alice and Bob: (a) The Wigner pictures of four coherent states prepared by Alice

and their top view; (b) the Wigner functions of four displaced thermal states received by Bob and their top view.
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Fig. 2. Timing diagrams of the CV-QKD system: (a) The timing diagram of Alice; (b) the timing diagram of Bob.
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Fig. 3. Scheme of the four-state discrete modulation CV-QKD system based on the hardware synchronization method. AM, amp-

JETRECER L 7 22 00 DU S B O H CV-QKD RS0 . AM, #0598 1 2% PM, AHOZJH 51 28 PG, Fknh & 4 88, AWG, 1+

litude modulator; PM, phase modulator; PG, pulse generator; AWG, arbitrary waveform generator; PD, photodetector; PMF, polar-
ization maintaining fiber; PBC, polarization beam combiner; PBS, polarization beam splitter; DPC, dynamic polarization controller;

VOA, variable optical attenuator; THD, time domain heterodyne detector; TBHD, time domain balanced homodyne detector; FS,

fiber switch.
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i R B — B B B 9 45 5 B0F 5 (d) PGL.CHL-2 % i
H K w15 5 P

Fig. 4. Various waveform at Alice’s side: (a) The waveform
of clock signals generated by AWG.CHI; (b) the expanded
waveform of panel (a); (c) the waveform of one block modu-
lated signals generated by AWG.CH2-4; (d) the waveform
of pulse signals generated by PG1.CH1-2.
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Fig. 5. Various waveform at Bob’s side: (a) The waveform
of recovery clock signals generated by PD2; (b) the wave-
form of clock signals generated by PG2.CH1; (c) the color
temperature waveform of the shot noise generated by THD;
(d) the color temperature waveform of the displaced
thermal states generated by THD.
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Fig. 6. Measurement results of the first and second moments of quadratures of the displaced thermal states: (a) Measurement res-
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thermal state p; (d) measurement results of displaced thermal state pf .
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Fig. 7. Secure key rates and the phase space distribution of quadratures: (a) The secret key rate of each frame; (b) the phase space

distribution of quadratures of displaced thermal states.
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Abstract

In the case of continuous-variable quantum key distribution (CV-QKD) systems, synchronization is a key
technology that ensures that both the transmitter and receiver obtain corresponding data synchronously. By
designing an ingenious time sequence for the transmitter and receiver and using the peaking value acquisition
technique and time domain heterodyne detection, we experimentally realize a four-state discrete modulation
CV-QKD with a repetition rate of 10 MHz, transmitting over a distance of 25 km. With well-designed time
sequence of hardware, Alice and Bob can obtain corresponding data automatically without using numerous
software calculation methods.

The secure key rates are calculated by using the method proposed by the Liitkenhaus group at the
University of Waterloo in Canada. In the calculation, we first estimate the first and the second moment by
using the measured quadratures of displaced thermal states, followed by calculating the secret key rate by using
the convex optimization method through the reconstruction of the moments. There is no need to assume a
linear quantum transmission channel to estimate the excess noise. Finally, secure key rates of 0.0022—0.0091
bit/pulse are achieved, and the excess noise is between 0.016 and 0.103.

In this study, first, we introduce the prepare-and-measure scheme and the entanglement-based scheme of
the four-state discrete modulation protocol. The Wigner images of the four coherent states on Alice’s side, and
four displaced thermal states on Bob’s side are presented. Second, the design of hardware synchronization time
series is introduced comprehensively. Third, the CV-QKD experiment setup is introduced and the time sequence
is verified. Finally, the calculation method of secure key rate using the first and the second moment of
quadrature is explained in detail. The phase space distribution of quadratures is also presented. The secret key

rate ranges between 0.0022 and 0.0091 bits/pulse, and the equivalent excess noise are between 0.016 and 0.103.
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The average secret key bit rate is 24 kbit/s. During the experiment, the first and the second moment of the
quantum state at the receiver end are found to fluctuate owing to the finite-size effect. This effect reduces the
value of the secure key rate and limits the transmission distance of the CV-QKD system.

In conclusion, four-state discrete modulation CV-QKD based on hardware synchronization is designed and
demonstrated. The proposed hardware synchronization method can effectively reduce the cost, size, and power
consumption. In the future, the finite-size effect will be investigated theoretically and experimentally to improve

the performance of system.

Keywords: continuous variable quantum key distribution, hardware synchronization, four-state discrete

modulation, time domain heterodyne detection
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