EEE R ey

EEFRIK

50l JERFAEBRIG I B4 G X ik 1559150 S e

FAEUN, REEST, IR TRRI, A BRAS ER

R EBE AR K F R AR A EESANRE, B8 A 230026;
S EBEEAR KR T E RS B TRE AT EAH PO, Z8 AR 2300265
CE R EH AR ERE SR E, JLE 100878

WE W & TC G 1% 140 K U BURT LA G se Jr A 0 e o 1% e ) o A O b 3 9 o R 9% AR 0 S AL R . 36
O R I R KU ISUAR SR o U St AT A B 1 2 A M AR R . TR O 1 A Y Al 5 3R M TR R 2 BT 2 AN T L AT R W R
Gl IR A e . X It [R) AL B T TR A R e 1 A% TE G e T A A R M. P IUAE A AR 58 38
BT HSR W] LURBUE B 2 0% 8 2R &ML 2 53R Z a6, B ZmEHRS T LU KA
AT ) Sagnac- Asymmetric-Mach-Zehnder 2w i3 25 44 , o B O AE PR M B & L B T B kK R4 . I
FER A 50. 4 km Y FEEF(FIEM 25 MHz I RFEEE MR TILF] 1.91X10 ° L &P, L HE,

X@|R ETEL BTEG #TNE; s TEASK

FESES 0431.2 XEARERS A doi: 10.3788/A0S5202242.0327017

Uncharacterized-Source Measurement-Device-Independent Quantum

Key Distribution Experiment with over 50 km fiber

Lu Fengyu"”?, Yin Zhengiang" >, Wang Shang"** , Wang Zehao"*’,
Chen Wei"**, Guo Guangcan"**, Han Zhenfu"**
' CAS Key Laboratory of Quantum Information, University of Science and Technology of China,
Hefei, Anhui 230026, China;
* CAS Center for Excellence in Quantum Information and Quantum Physics, University of Science and
Technology of China, Hefei, Anhui 230026, China ;
? State Key Laboratory of Cryptology, P. O. Box 5159, Beijing 100878, China

Abstract The measurement-device-independent quantum key distribution (MDI-QKD) can remove all detector side-
channel attacks, which greatly boosts the practical application of the quantum key distribution. However, this
protocol still has a strict assumption that the states in source side must be perfectly prepared. The imperfections of
the modulators in source side would bring side-channels and threaten the practical security of the system. To protect
against state-preparation imperfections, the uncharacterized-source MDI-QKD, which can still generate secret keys
when the prepared states are uncharacterized, have been put forward. This protocol is a great combination of the
theoretical information security and the practical security. Through the three-intensity decoy state method and the
self-developed Sagnac-Asymmetric-Mach-Zehnder coding structure, the measurement device-independent quantum
key distribution system without characteristic source is successfully built, and the secure key distribution rate of
1.91X10"° is achieved under the fiber channel of 50.4 km and the repetition rate of 25 MHz.
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Table 1 Intensity of decoy state
Distance /km 7 v 0
10.0 0. 26 0.025 0
20.0 0. 25 0.024 0
50. 4 0. 24 0.023

S A ) Alice 5 Bob 4% [ ¢, ) 5 len) (n,
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F 2 10.0 kem 3 {5 FE BT S0 00 U0 2 A9 5 2 T 14 ) 1 R
Table 2 Successful event response rate measured experimentally at 10. 0 km communication distance
Q. [0y 10> [0y [1) [0y [2) [1>10) [1) 1) [1)]2) [2)]0) [2)11) [2)12)
s 5.02X107° 3.83X107" 3.03X10" 3.91X10 " 4.20X10°° 3.07X10 " 3.05X10°" 3.13X10" " 1.91X10""
wo 6.92X10°° 4,42X10°° 3.28X10° 4.11X10° 6.40X10"° 2.94X10° 3.10X10 ° 2.98X10 % 2,14X 10 °
po  5.60X10°% 5.60X10 ° 5.60X10 % 6.20X10 ° 6.20X10 °* 6.20X10 * 1.02X10 " 1.02X10 " 1.02X10 "
o 5.94X107°% 6.26X107% 1.04X107" 5.94X107°% 6.26X107° 1.04X 107" 5.94X107°* 6.26X107% 1.04X 10"
vo  6.12X1077 6.12X10°7 6.12X10"" 5,46X10 " 5.46X10 " 5.46>X10 " 1.09X10 ° 1.09X10"° 1.09X10"°
ov  5.72X1077 6.48X1077 1.07X107° 5.72X1077 6.48X 1077 1.07X107° 5.72X107" 6.48X107" 1.07X10"°
F 3 20.0 km 3 {7 B BT SC 98I0 2 09 1 2 1 g
Table 3 Successful event response rate measured experimentally at 20. 0 km communication distance
Q. [0y 10) [0y 1) 10)2) [1y10) [1y[1) [1)12) 12)10) [2)]1) [2)]2)
g 3.06X10°° 2.50X10 " 1.74X10 " 2.52X10 " 2.76X10 ° 1.94X10 " 1.98X10 ' 1.82X10 "' 1.18x10 *
wo 3.80X107% 2.32X10°° 1.84X10 " 2.96X10 ° 3.72X10°°% 2.21X10°° 1.96X10 % 1.82X10 " 1.34X10°
7o 4.86X107°% 4.86X107° 4.86X107° 4.74X107°% 4.74X107% 4.74X107% 5.79X 107" 5.79X107° 5.79X107°
o 4.88X10°° 4,50X10°° 6,58X10 7 4,88X10 ° 4,50X10 * 6.58X10 ° 4,88X10 ° 4,50X10 ° 6.58X10 °
vo  4.46X1077 4.46X1077 4.46X1077 4.16X10"° 4.16X10 7 4.16X10" 7 7.38X10° " 7.38X10 " 7.38X10° '
ov  5.48X10 ° 4.76X10 7 5.49X10 7 5.48X10 ° 4.76X10 ? 5.49X10 7 5.48X10 ? 4.76X10 ° 5.49X10 '
F 4 50.4 km 3 (F BB T 5250 U0 = A9 6 2 T 14w R
Table 4 Successful event response rate measured experimentally at 50. 4 km communication distance
Qi lo>10) [0)]1) [0)]2) [ 10> (DD [1)12) [2)10) [2) 1) [2>12)
we 7.56X1077 5,80X107 4,76X10 7 6.21X10 7 7.71X1077 4.66X10 " 4.32X107° 4.79X10°° 2.71X10°
w o 1.08X107° 4.92X1077 4.26X1077 3.72X1077 1.22X107% 4.41X107" 4.33X107" 4.52X 1077 2.98X 107’
po  2.40X107° 2.40X107° 2.40X107° 2.48X107° 2.48X107° 2.48X107° 1.44X107° 1.44X107° 1.44X107°
o 2.04X107°% 2,16X107° 1,41X107° 2,04X10°% 2.16X10"% 1.41X107° 2.04X10"° 2.16X10"° 1.41X10°
vo  3.20X1077 3.20X1077 3.20X1077 2.00X1077 2.00X1077 2.00X 107" 1.51X107" 1.51X107" 1.51X107"
ov  3.60X10 7 2.40X10 7 1.51X10 7 3.60X10 7 2.40X10 7 1.51X10 7 3.60X10 7 2.40X10 ° 1.51X10 '
F 5 10.0 km A5 B T HOG - XF 26 A R i A 2 TR Ay e i 38 R A
Table 5 Upper and lower bound of responsivity of single photon pair at 10. 0 km communication distance
under different coding states
Y. [0>]0) [0) 1) [0)]2) [1)]0) (D1 112> [2)10) [2) 1) [2)12)
LB 8.98X10 ° 6.84X10 ° 3.19X10 °* 6.27X10 * 8.25X10 ° 2.58X10 * 2.13X10 * 1.90X10* 0
UB  9.30X107° 7.11X1077 3.42X1077 6.61X107° 8.44X107° 2.88X107% 2.47X107% 2,28X10"* 5.56X10"°
#6200 km WEEHEE T BT XFHFE AR [F 45 A5 25 T (19w i 3R R A
Table 6 Upper and lower bound of responsivity of single photon pair at 20. 0 km communication distance
under different coding states
Y. [0y l0) 10> 1) [0)]2) [ 10> (DD [1)12) [2)10) [2) 1) [2>12)
LB 4.71X10 ° 3.83X10 * 2.20X10 ° 5.07X10 * 4.83X10 ° 2.87X10 * 1.99X10 * 1.76X10 °* 1.04X10 '
UB  5.00X107° 4,08X1077 2.30X107" 5.21X107° 5.03X107° 2.95X107% 2.18X107% 1.93X10~° 1.48x10~"
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7 50.4 km WAFEHEE T HOEF X 2E A R ga A AT B R R F B R A
Table 7 Upper and lower bound of responsivity of single photon pair at 50. 4 km communication distance

under different coding states

Y., [0Y10) [0) 1) [0)]2) [1)10)

(D1

[1)]2) [2)10) [2) 1) [2)12)

LB 6.97X10°° 8.92X10 " 4.97X10 " 6.18X10 " 1.51X10°

.32X107" 5.22X10 " 5.52X10"" 0

5
UB  8.24X10 % 9,63X10 " 5.45X10 " 7.26X10 * 1.57X10 ° 5.77X10 ' 5.58X10 " 5.98X10 " 5.69x10 °
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Table 8 Important intermediate variables

Distance /km 1jzz/lo ! e, Q%’g"’/lo ’ E(zé’)/% R /10°°
10.0 33.20 0.203 19.6 1. 17 15. 40
20.0 22.50 0.214 1.27 1. 14 8.54
50. 4 3.83 0. 150 3.04 1. 26 1.91
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