#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 24 (2022) 240304

4

BTN MEN BRI EE T =
MERELREFERATETER

& B R

& oo 2

F@o Huo

1) (R TR BB =B, fM  350118)
2) (PR RAETH LA, Kb 410083)

3) ((IAGE R X LB E M S Gl F R E R E LG R, B RRSE AL, B 200240)
4) (e A kR, K 410083)

(2022 4 5 7 30 HY#; 2022 4 8 7 11 HULEIBUchs)

T T R ) i A e DM TR JE OGO KT RS R A RS AT R R A, D e B A
MRAEMR LA PE T, W A B m A PR 8R, JF EL LS SR AR AR LU T g 8 e o 07 58 SO AT 58 SR, S vb o
1 2 2 RN 45 1) B TR A 0.6, 3 23 ™ H 5 M 5 A o 3 5 A A ) ek BB 4 T OG0 R T S SRR
IR RE . %6 T 1, AN SR H 28 T S B J8 00 45 A P 8 IO o i e 2 0 R 4 JE G P o R, D
TE %7 58 0 1 26 10 3 B4 A S 3 2% SR FH — S AR L SORSI R A8 T A AR S 7 ) 52 B 2 22 SR . 7
245 2 2 SR FH R 7 ST R 45 BB 05 IR e i A o 512 P 2 22 TN 0 9 1 200, A A0 T 2 T S B P 0 i 1
P ) i 25 A8 0 TR A I O 1 ] 0 R O R R A RORI 22 A AL e R, A A Sl O o i A e )
A TC KA T 03 K 07 S S A A AR A3 T — AN Ak S T A O 1%

KR BSOS, EeLh, MBS IOOCE TR Y A, PR R I M

PACS: 03.67.Dd, 03.67.Hk

1 3

w1 % 4 9 & (quantum key distribution,
QKD)!-4 4 Ky 17 BR =R — WUE 2, o
VIR B 79 b 1Y) 5 R 3045 U7 (Allice 1 Bob) 7EAS
LN M A MG AT gy — R 2% .
BBrBL, QKD EZA[ 7 iR, RIES U  (dis-
crete-variable, DV)QKDP~" 5i# 448 & (continu-
ous-variable, CV)QKDE-16, DV-QKD i # LAH:
TAERAE B ImA% I B, FEHIS0 T R = AR Y
BT A, SRR % 3 e B, AR DV-
QKD iz 17 A . LT DV-QKD, CV-QKD

il

DOI: 10.7498/aps.71.20221072

R 5A G R ARG T, IFH.
REAZ T HTBAS EAR DL IR AR 45

FEARZ CV-QKD J5 &, g i il A+ 24
(Gaussian-modulated coherent state, GMCS) Ji
SR N R 2 A =22 IS I 29270 i 32 5%
LE. SR, GMCS J5 58 192 4k A 4 T30
S8 HAB o Wr i BAR B, X AP B st fE S g
ARMESZ B 25290 52 I, B3 W Al RE 2 A AN SE 58
TR T 3 14 2 2 Y R SR BRI 4 1 Tl SR g
AN TS B0 AR GRSy BY L ARG I
o B2 R AR AN B9 A5 E A S X S B
BB R BN T CV-QKD REHYSEER
LAtk

* ERHRFFEES (S 61871407, 61872390, 61801522) Fia s TRE#piFHitig sh3k4: (HHES: GY-Z22042) FBIAYILAE.

T HEfEEH. E-mail: duanhuang@csu.edu.cn
1 BIE1E#H. E-mail: huang.peng@sjtu.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

240304-1


http://doi.org/10.7498/aps.71.20221072
mailto:duanhuang@csu.edu.cn
mailto:duanhuang@csu.edu.cn
mailto:huang.peng@sjtu.edu.cn
mailto:huang.peng@sjtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 24 (2022) 240304

R T A Rk B I O S BRI A A A
FEAE R Yoy, 2012 AR PR ZH 45 3 37 48
215 £ Jo K (measurement-device-independent,
MDI) QKD Jy % B4 Hip Braunstein fil Piran-
dolall I # H () MDI-QKD J5 % 4= Wi fige ke 1 %14
PRI 25 A0 0475 18 T o ] @8, 17 Lo &% B T th i)
MDI-QKD J E#WAR T8 F ARG, AAZ)S,
MDI-QKD J7 2 AMUAE B 2 4 Ty i 45 3 TR
B 1) 43 A 36390 LA S 56 5 T s M AT T
IGIF B0l B, MDI-QKD 352 0] 43 by B s &
(discrete-variable, DV) MDI-QKDP>* 5 % 2 47
g (continuous-variable, CV) MDI-QKDM"—7. 7§
CV-MDI-QKD HIHESE T, Alice Fl1 Bob H##1 R %
Py, AR {E)EE =5 Charlie 7E4:03 i Alice
F1 Bob & %k (1) it A5 B #E A7 DR S K (Bell-
state measurement, BSM), Ff4¥ Fr 15 2] (10 & 45
A Alice Fl Bob #7041 LIAE UL 2 %50, T
J5 ZE BN 1384 AN FTAF 955 = J7 Charlie $A47,
T3 B A PEATRRASE T 58 R Ik, CV-
MDI-QKD HE % 11 R A R0 A 0 4 I 2 )
R

SR, FEFZ PR, CV-MDI-QKD 75 % 1
I RAGHIIE B HUAN SR, o — S R BUFE
TG CV-MDI-QKD 5215, 7EARfE 1
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Fig. 1. Schematic diagram of the discrete modulation CV-MDI-QKD based on realistic detector, D(d) represents displacement oper-

ation.

TESER N T b, Alice il #& XUBE R 45 2
|Pa) 4, a,, FePHEE AVHT A2 77 22341 Va . Bob il
UL 1), HorbHE By B B 7 %44
H Ve, I H Va=Vg=Vu+1. Alice fil Bob il
B 46 25 | Pa) g, 0, T @) p, p, WH AL 1 IR
Alice Il &5 BB FEAR S| Da) 4, 4, RIS AT E Ry

3
@) aa, = D VTmlvim) Vim)
m=0

3
1

= 5 E |§0m>A1|ru’3n>A2’ (2)
m=0

KPR T [om) 4, RS
3
|80m>A1 _ % Z ei(2m+1)’rm/4 |,er?>’ (3)

n=0
ne{0, 1, 2, 3};

A 1 [e’e] B ; u4j+m ) -
(4)

me{0, 1, 2, 3};

1
2a [cosh(p?) £ cos(p?)],

wo,2 =
% [sinh(p?) £ sin(p?)] . (5)
et

Alice ¥ 15 Az & 3% 25 A AT {5 % — 75 Charlie,
PREAEL Ay, [FIAEHE, Bob 445 By & 1% 45 Charlie,
REEFE By, Alice £ Charlie Z A A T(EE KE
WH Lac, Bob % Charlie 2 8] (1 i T{5 18 K B 1

wi,3 =

HLpc.

Y Charlie W EIBE A F1 B3 I}, F 22 1L
h 50:50 F 7 AR AT TP 2 HE As A
Bs. B, XM A — 2B Fe A o Ay R By .
ZJ5i, Charlie 1 FHALAE T 22 PRI 45 [F] XL Ay 7Y
X B 33 DUSAR By ) P IE N 3 s AT 1. 28
i W S5, Charlie 045 1 M 45 8, AL C
{Xz,Pz}. B )5, Charlie ¥ {Xz, Pz} Alice Fl
Bob A7 . (EAS— 41, 7K 1 b, RS
YRy WP I AR AR Charlie WS SEBR R
g 1) 808, T KGR MR A DU A5 22 2808 v
14 B EPR ZZHAREHY. 75248 e, K1
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FORFZIRM TR 1 FRCR, va TR ZF 2N 4%
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Fig. 2. Relationship between W (W, and Wgpr) and the

modulation variance Vi .
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2.3 ETZERRNI[AMERI S HASE CV-
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JETERM (BTRR0 < n < 1), 22X HORS] CV-
MDI-QKD J5 ZHPERE /™ A= F B M, PR A b2
X% 5 G Pl ) SRR I A5 A 7422, Ak R
AR BUECR A (phase-sensitive amplifiers, PSA)
Xt Charlie B 4 52 BRI 4% BEAT#MEE, 15T 3
. 12K 3 5, B As 5 Bs XK 1 19 As 5 Bs,
BRI LN 50: 50/ 73 HAR X Az M1 Bs #E47 1
WG R B4 L, B An 5 By W3l Rom i As
5 Bs % PSA YEHIJG e s 2 1 i 1455, PSA 7] %
R —Fh R LR, AR A =0T b7

e RN

e \
/" Charlie |
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As AN
— 2 M e S
p—p/\G
S
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BS BN
> x%r/\/a T
| pop |G |
" J

- -

K3 HT PSA B A CV-MDI-QKD 52 PRzl &5 b
22757 2 161, PSA S AR AL BRI A%

Fig. 3. Schematic diagram of discrete modulation CV-MDI-
QKD with realistic detector compensation based on PSA,
where PSA is the phase-sensitive amplifier.
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Fig. 4. Relationship between the security key rate and
transmission distance of the proposed scheme in the sym-

metric case with different PSA gain G .
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Abstract

Discrete modulation continuous variable measurement device independent quantum key distribution
scheme has good compatibility with efficient error correction codes, which leads to high reconciliation efficiency
even at low signal-to-noise ratio. Besides, the implementation of this protocol is simpler than that of Gaussian
modulation scheme. However, the quantum efficiency of homodyne detector commonly used in the experiment is
only 0.6, which will seriously affect the practical application performance of discrete modulation continuous
variable measurement device independent quantum key distribution scheme. To solve this problem, we propose
a discrete modulation continuous variable measurement device independent quantum key distribution scheme
based on realistic detector compensation. In our scheme, for the outputs of two quantum channels, each adopts
a phase sensitive amplifier to compensate for the corresponding realistic homodyne detector. The simulation
results show that the phase sensitive amplifier can well compensate for the quantum efficiency of the realistic
detector and effectively improve the performance of the discrete modulation continuous variable measurement
device independent quantum key distribution scheme with realistic detector in terms of secret key rate and
secure transmission distance. The proposed protocol provides an effective method for promoting the practical
development of the discrete modulation continuous variable measurement device independent quantum key

distribution scheme.

Keywords: discrete modulation, continuous variable, measurement device independent quantum key

distribution, realistic detector compensation
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