ETE=EFESXEKEEH MDI B QKD A& #AREZ
Xl U TR Y ERE Y REEE D B FLERY REY

BHEE YT HiER?
1) Qg TRERHIRNCRE:, i 030619)

2) QLT RFAEOOGIERT T T, StE T HR S asfF e E H fsin s, KIE

030006)

wmE
I A o R T B T 0 R ) T IR B B A X 4 Y S B
Ro SR, BA RGUEE YN L DG ST Bl A2, XA
N T RGE RV E A, S R R 515 5 B IR 2R
BC I AR EP RS, SEORIGERT . AR IFLIRIUE T — P T &
TAE A G ZHr SRR AR I B B R8T 207 VR RERAE XUT K
LDy BEAUL S Gk b 5 51 B — i SR BB ek B PR N IR B 4, B E T
G PSEN RBUETE RS B, i AT DG LT AR I 23k AT A R A4
o, WRPE R T AR AR i [ A IR A ES & . 7E 100 km YEETHERS
b ARSI T KRR AT 77.7 ps, I REWSH HURER A 2 =y
7.8 ps/s MIFREGIR AN ERER . A TAEJy MDI B QKD R4tHEHt
T MERE . IRERERIN B FEE TR, s L SE A AR A T
AT IR R AL o
KW WERLILR, ETEHADK bk, BFRP
PACS: 03.67.Hk, 03.67.Dd, 87.19.Ir
& FHEIH 2030— “EEE 5 E RN B H S
2021ZD0300705). thi 7548 FEmliit 7o v R0 B (5. 202503021211084,
202403021221226, 202403021222349). < th 7548 B2 AR RHE G TR0 H @ik
5 2024L433)F11L U & 2 R A SRV E 30 P 0t B (i S RCK202320,
RCK202320-1) %% Bl [ i 8.
+ IB{EMEE . E-mail: jyhu@sxu.edu.cn

% —1F % E-mail: liujiangiang@sxgkd.edu.cn

1



it

1 5]

&2 1% 45 o R M & 7 %5 4 5 &K (Measurement-Device-Independent-type

Quantum Key Distribution, MDI %! QKD) B 5| AANR{EE =7 MET A, B
g MARAS 1 G 3 BT o0 RN 2 B DA S8 il , S ) ) el DR 3 B A5 I 2% £
REEFRT 2 —, AR R, Mg E 7% 970 K (Twin-Field QKD,
TF-QKD) @I WM HfS 5 6 T T %R, MrefibR 5EEEL %
(-1 75 MR BRAE B O SR T 28 RBBG T 4RI BR /K ~F, R AR JE T 22 il 5 EE
O, RV MR LS, O SR RS o 3938 22 I B 1)) 1O
TS S A2 O BOR SCHE, X TSR iR 5 | Z SE R E B B A AT
FACH g 0, SR, AR ) SE AR ERE T, S AU AT R AR TE RS
fh 22 | A S B 8 A I 5 SR Y e SR O 1), B R G B AR AN W5 T
X 38 A W7 Ik e 7 H ]~ s A (8 e () T S 5t 1 B ot 2] () B SR o AT AT
/N BRI PR 7 S 5 B P LS SR T B B R R A T, T ER A £ 22
A I A T,

5, EE MDI 2 QKD G0 W AR T — 2 ML« & T RO B i
Koy Kot 22 A5 5 Bt 4 R 8 Bk ik P 21 o X — 07 BAEZE BN T R S8 A
SR BRI SEBRERE A, SEONRBENE, [FPa 58 75 S ayE L7y
B P T IR E AR - IR B AU, Sy AR AN T e 56 45— 8L, X
FEILBRAT AL R 0 IR 1 N[ AT PRI AE T IS (R VR A 2022, e AR HE LT (1 R] 28 0% RB
R R TR SR K R L o B R ] 52 2% OV Tt 5 JE A2 B, thdE LA
MARA EHFRIX— R Gitb w2z . Bk, K — R KBRS N HI R 20 8 . Al A
RA E AR AR ER 1 5 [FPH0R, 24EZh MDI 2 QKD M SE5 % JF BREGHIE
T 1) DR T 0 2 PO 5 AR P S B 1) R

BEXSIX —HhA, A SCIR R SRIGIAIE | — R TR ST B 5 T R
RS B 5 R85 XA T AR GE AR R P BE G 7 58, 12071k LAlAE U7 K
EHI DB AL e Bk P 51 22 1) B =B SR K pR VR 9 A0 R3S, BRI AT &
TE BIE o LR S E N 5 B, JFIE I AT DG 2T G I 2K R P A s 131
BASAMERRARIERS 7 . 125 SRR FDAE BN R N B 5 S iRz, il




A2 515 St g A R R B A, ANITTAE JELBE 2 WAL 26 1 DR A2
12 R UL R ) 7L

i SR A, ATTRS MDI B QKD FR 4 H CUASHT Y % 2B R 2D H R
FAEA X o 24 HTT 2 R BRSO GET [] 20 05 520022, ooy S IILAT AP 5 5
A 7> 2 (720 75 S22 B R D . A7 WA & 5 S
H S AENFEDAE BRI AR, 8 Oy AL )AL F2 8 di A0 — B SRR T 5, B
DI A AMEE Alice 5 Bob ikt 2 ] AR X A 72, MR Sl 1 &
TAE T EX T o X P77 S BEARER TN F J7 S AEILAR (AR I [R)iEERS , X
Se it 7 IR S FD OGRS R SN B 7S, DA I A DRAIE e [R5 i B2 1) [

RIE T 5 S SR

AT SAE 100 km JGAFEERS B, SCL T KIARIBRSEAR T 77.7 ps, FFRESH
RIRER S5 M 1A 7.8 ps/s MR FE S A M N IS . SEIRZE R, ZT7iE
DIRAR I R E 24 B, (EKBE BB ET5 18 sl 1 4T BoRb B4 i e s P 4k
[F2 . A TARKE S SRE S — T FE-—u#E, Mok 7 MDI Y QKD RGtdEHAmT
PREERE A8, v MDI B QKD A K52 Ak 5 B 1R it S 4%

2 BEFTHiXkEARHEERSEICEE

SEILTC 7 AN E S R AR B R, AR — AR T Ok A B
DRICRAVE R BRI WE A5 U7 R S IR D BE AT A% S ikt e 1 HE R, 3
4 AT HAE S B S A T I AR O R BOsAUAE , @2 37 S eR HURFIE A7 5
TR A 72 2 TA) ) 58 B BRGT, MTTT g AN F-15 5 A B SEi SR E) 045 B IS4 P R
AME AR 25 LA Rl

FE— Y MDI A QKD R4t, Kk Alice Ml Bob ¥ LLE M £ &
SRRk, ke B T=1/f0 251845 X0 U 59 74 B i e ik 7 41, 3
THAH R R LE A ] 4 B E N 5 3045 R S R R 2 P 45 1) P 2 W 45 ), T —
T 58 B AR LB T 22 o DAy SBT3 00 A (R JE B SRR, AR5 SRR A S ik 78 [
B e JE SRl — AN BMECA R BENLR (B A2 F2 «, HH R o] «To XTI
—ANIET2EREN RS (Global Position System, GPS) A IL 4%, {HIELE
R[] 8 WIGEAR AL 22 o Sk 22 % BN La A Ly MG AHSTE L% % Charlie

3



IR E, TSR BOERERREN, A EES SN
A B RRIERT 2 At(f).

W Alice F1 Bob K% &L BN Jmlid 1670 7155 20 BN Ea()Fl
Ep(f)o 1E WS 250k 7 FIEL 2 AR HEAR D SR (W ERARE L, P& 7E Charlie %
I EAR R R BT R

RG) (1) =(E, (1) E, (t+1)) » (1)
Forp () ORI SR BEALIS [ A2 A% 1 ], AT eI 'S Bkl e 21 1 TR
7%

E()=Tag(-nT-z,)  E()=-Tha(i-nT-z,) @

Hr g () MRk, 7, 7, BIA Alice 1 Bob jifi il (] % A AL

A AR . At (20 RARX (1D, FER AL T IESR 1, "1

RY (¢ <Z§( m—n)T — At (‘L’B’m—z'A’n))>o (3)
AWMk E T A AP, A0 (3) TS NG T8y, FREEEL
()57 # 2 HAH DG RAITE =0 Ab 2P0 s — Al , SR H
RY(r) < 5(0), @
FATTEANT AERT Ae, W BB &K N
R;‘g(r)oc5(T)+%[5(T_At)+5(r+m)], (5)

BIERAF L RIS, 7E ©=2Ar S BB A PR IF 2 17 Ve
IR, FESEhR ARG, JCLFIER A FRARFAL, 02— BRI 2R AR )
PRE Ad(t). 2R W] RN — NIRRT — A REHLE AR AT,
At(t)= Aty +at+£&(1), (6)

A, At NWIEIE ESERT 22, o AURR FHIRLEERR B2 55 IR 3K S I AR PR AL R,
SON—DEMENZ RN, T RIS 5E R NMER S . 20
SR B BRI AR T - 2RI I B 2218 (0 AR BB AL T B e £ 3
S AR HAR, FL ] ROBE S W AE 7> B BN B BEALES ORI X 2 e LR 3



Mg ARG A TRIE DS, AL SEAE Hz B80T Hz el K =& 0nld
1, DN JE B3 ) BT T A 5 s M SR BRI T D ER A A

FEA PRI A 8] B T PAOULIN S F) S K PR R, S5 o PR AR SR bR A S
I A A AR A I (]2, B

Ry, (n:T,) _ L j R (z—ae(t ) (7)

T,

EiR ookt Oy EAR & s SRS EI (A1 B 2. ESEPr RS, 3
Sk A BRI T8 FE N 0, L2838 T O s A e Gz, 0p) . T AIK
2R TR ZAFLER M HL 5 04, GPS BTEMEARFHLEH 0,0 XEEH FEILF G
FUAR G 8] 5% 0 . PR KR (), R8N e I Ik o ) T2 e 5 30 i 0 e 2 1
M5 R, I FREAE M0 TR . JWIEMAT % o} = o) + o, M=

PR J(z; 04)0
LA B IERS 5 R GARIARYE, 7 bR R G LB I 5 5 R s 2%
LT AR AR,
Ry (1) = {6, (rie, )+ B (1) ] o (720} - (8)
Forp IR B RUE S, TAR T, RAER A% 1 7, P4 . R, W
) 2 068 53006 DR M RS 9 I [ H T08 B 5, L0 or RS
R T U0 T A Y ST SRS &, T U 53 ) e T R G S U] [ 5 R

BT B, RGEMEIRFEREE (RUERAS T AT E B FEZRT
PR JUAN AR BRI S5 8 105 BB 3l o ORI 98 0y SRIDE BR ER AR R
VR A, DL AR T8 SE I 72U & I [R] N TR RS & oo FERIUANTHSRAETS, [F2D iR
% ene ) FE AL RIS N

€ Ja +o? (ZJEE_)Z (aT,/2) 9)

NP RGERE . RS CnRkrh 5ERE . & E 1) $24t 7Bk
Y o 6 I SN M S IEG R R 67 (AR, T DA SR ) AL IR G LT IR £, XHEEAS
& o #ATEESAME.




3 SCIREEE

ONSREFTHE B Bl E R BAe R, JAIEE T &5 1 MDI & QKD

I BB 25 S R . ARG B ARG R LT IR T, SeBlpiA

M7 CIE I 2 (AL A8 Bk FE b )20 . BN B R Bl R I RS
T8 LU 18] 7 B0 7 PRI -5 B A s = A o A R, HLES R 1 o

Alice il s ) ) Charlie
ok
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X
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AWG  GPS

K 1 MDI ! QKD R B RIESEE R B . Laser, WoOtds: IM, 5RELAH
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FJELFIEIRZE; BS, L4y A As; SNSPD, HSFHUKLH G FERINES; TDC, B (A
Boriss, 10C, Tt 5l

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 control 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 histogram of the residual
synchronization error Atresiqual Within 2 hours; (c) Dynamic drift tracking curve. Time-
dependent curves of the measured path delay difference Az in the system with and
without feedback compensation under controlled linear temperature drift.
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Fig. 5. The coincidence count rate of the two detectors at Charlie varies with the path

delay difference. The minimum value of the first-order interference of the light field is

located at zero delay difference.
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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 misalienment due to

mismatched lengths between the synchronization and signal links,

resulting in a higher bit error rate. This paper proposes and experimentally

demonstrates a common-path clock self-synchronization method based on

the second-order correlation properties of the quantum signal itself. This

method uses the second-order correlation function of the 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, thereby

eliminating, in principle, the inherent drift risks associated with non-

common-path transmission.

In this paper, first, we establish a complete theoretical model based on the
16




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 develope a clock self-synchronization experimental system with

closed-loop feedback control capabilities. Both the transmitter and receiver

use the GPS reference clocks and employ the arbitrary waveform

oenerators 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, thereby achieving adaptive

synchronization of the transmitter clock. Finally, we validate the self-

synchronization theory through the experiments. Under the different delay

conditions, we measure the second-order correlation function of the optical

pulse sequences encoded with pseudo-random displacement. The

experiment 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 the

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

provides offers a viable technical pathway for promoting their practical

deployment.
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