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Fig. 1. Practical CV-QSS scheme based on imperfect quantum state preparation. AM, amplitude modulator; PM, phase modulator;

DHD, double homodyne detection; HABS, highly asymmetric beam splitter; Qs (s =1, 2, ---,M) , phase insensitive amplifier at

the s-th user.
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HJH kK5 Alice F1 Bob By % 4. T4k
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M AR H S AT HR . Z T LR PIA
R S | 3EAR A A rh e M H
FE T AR BB R A G38 A Th A ARV 2 IR RE Y
SEBRIH. AR 1, Qu FRoRAEH 7 Uy b PIA,
HIERSZHN g1, IATEEE =7 Fred, #l;
Q2 F/RTEH P Uy Ab 1) PIA, HAH25 S 80N g2, Hi
AHAEHEE =5 Fred, #EiHl; .. .5 Qu FRTEH
Un b0 PIA, HIE 5 SH00 g, IR E RIS =
J5 Fred, #56l. 2 T @654, ekt FZLH - U,
R BIHAT AR, A PR A S L T
g R, b B R E AR AL, B R AT —
PR AMEAE R, WSt P Uy X Ry i 6F
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MR FAR N Fred 52 Eve ¥4, F =4
(IR AT A5 15 R M s AT g A B T i A A T
BRI P Xine 1. B4R HS Y 5 SR LTI £5 - 5 (pre-
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B2 W)
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P} = p1 + o, (1)

(1, p1)
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IEM 6 (281, pf1) BRI S
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o (o, poy) TR 2K Vo, IHE I B
KBE Q{2 W ALY TE A L. 2 )5, 203 ik
— B HIEAT
(=N = () =01 (Ve + 1) + (91 — DVa,, (3)
Horp Vo, s P UL IR T 22, Vi=Vy, +1,
I LI FIT T Uy A il AR R TS 4 B | A
Shit a7 Ny

&' = (g1 — D(Vir, + 14 Vi,). (4)
ZJa (3) Al —2P5E N
(@) =) =vi+e. 6
WA 2 Vi, = Vi, FTB N
(har)”

=&+1. (6)

_ _ PI\2\
Vx?lﬂfl - VPT\Pl - <($1) > <x%>

5 BRI, TP U A (s =
1,2, 3,--, M), HAEFRA 655 g AR
Shat W € = (9. — D(Vu, + 1+ Vg,), Kl g,
VUS 5 VQS %%/%B"J/a\ﬁbﬁl g1, VU1 & VQ1 7FH{LJ

5 ik PM AR ZE M () 2] 28 (entanglement-
based, EB) BIRIAN[E 3 fis. #HLLF PM IR SR
F EB ARGy (H 1 748 AR AT B9 22T RRiE
B 3 W T 7 ) EB B S 1E] 2 r g
DM PM SBISEA. HAF—1R1 2, i T%I87E
FCEML A O i T e, BERA — P
RAEAER), HAy M — 1P AR ER. Fi

Channel
T: Xline i Tq
E DHD
M
Eve P Bob (Dealer)

B 2 ETIEMAEGEFARAN CV-QSS #l & - R K. QM Wi FAiEe, TRRIETEEEMNB T ZE, Yine 771518

Jn g

Fig. 2. Schematic diagram of the prepare-and-measure (PM) model of the practical CV-QSS scheme based on imperfect quantum

state preparation. QM, quantum memory; T, transmission efficiency; Xijine , channel-added noise.
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Fred;

Alice (Uy) Fy
. Ac Ay

xYC 3 50:50
DHD

pyC EPR source

Bob (Dealer)
T

EPR v
Channel H, ;
-2 14 A;
T, Xiine 2 2 3 >. xq
Qn
B G
DHD
»
Eve d

B3 TR EAE TS &R CV-QSS AR R J5 514
Fig. 3. Schematic diagram of the entanglement-based (EB) model of the practical CV-QSS scheme based on imperfect quantum

state preparation.

B4 Y J7 58 H EB R R ] SR S0k s AR CV-
QKD % EB &8, 7EE] 3 thfE—/y a5 H P
e A Alice, 43 & # dealer i > Bob, AL R #ELL
M U i vt i, BMOE U, iefE—rT {5 H P
(Alice), HAxH Pt ik 502l P UL Hilss
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AR Ac , 3K 6 1 D) o3 i e

(@) = ((69)") =W,
(@ = (") = Vi + €. (7)
WU RBENEE R, 1TSS F RS

”
((@0e)”) <V (vi+€) - e ©
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FHL P O BT A5 1 TE 0 534k (25 pT) B A
HEATAPZERRI, AT

=a{ — 62V,

z§¢ pVC =p¢ —apfC, (10
Ho ((627€)%) = ((0pV9)*) =1, B8k (2V°, pY©)
FTR T Uy X Ac SEAT A0 25 18 0009 75 51y 600
G AR R P Uy R (2B, ) B
(171, pl) s mUﬁﬁ%

71 = K:L 1%?07 p1= \/%pl{c' (11)
ZJa% imit i a5
(x) = (p}) =WV —1=Vy,,
Vittay = Vot = L1 (12)

(12) =T 45 H 25 55 PMASHY i 4 3 3 10 235 SR
SR, IX R T Y B TR SAR AR A Y S
Pr CV-QSS Jr % H: EB B A1 45y T H PM FEAY.
HAF 3R, K 2 5K 3 i At ds e HITE
T X Eve #4005 8% E #1124, Eve 1R85
X AR TE 1 A7 i e OB EA T AR AR D . —Ji
5, £ PM Al 3k 3% dealer H T AN5EEINE
PRI 5 BT 5 LR R0 25 BRI 75 xne HEETA
Xhet = [(2 = 1) + 2va]/n, Hon FoR R e 001
BB, va RIS IS . 72 EB &8, g
R dealer [N 58 SEHRM A8 W] A H B 0 n 1Y
AR VAT 248 vq 1) Einstein-Podolsky-Rosen
(EPR) A3 ppu, KIATHAURIR . (H— 2
&, T3 22 va W TEIBON BE S PRAIE PRI #5 1Y) S5 e 75 7
EB BRI R RE N nxne , WIT5 28 vg 3R IZA 0T H
Hva= (mxne — 1)/ (1 =n). Wik, 2H{E5E EPR{F
I85 Alice RFRIN %R FRUTE B & 1 i, B
W ICHE S R A2 PM EALA & EB AR,

ZE FRTR, |2 (PM F%E) 5K 3 (EB HE)
P EARSEAN B 5 (R SAE LA 5 T

1) e & 2, Alice F| F — % v i B AL %k
{x1, p1} M PRIEFARAL P ] 7oA A T2 |2+
ipr) . M2t Qu MIBIHRAESS , AT 21 + ip)
Ak A2 |2 +iplt), oA Alice IR HAR &
TS, ZJF&AEEEKES Bob. i%id
RO E 3 Fred, Hil 8 A Paca,r, , IFXT
Fr— A ER AR (o1, i) BOHE Ac AT 4122
PRI, 1717 55— Ay WIZAATE (R KK 45 Bob.

2) &l 2, ZEFRIN T Bob Ab S BRI #% Y 1
TR ERONE 3 g oy g 1Yo, K 2
RS BRERIN AR ) LR R g AT 3 25k
vg FVET B EPR Y2838 ppr g, Horh —#250 Ho £ 57
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P AIEVICIVN-DFe L IR

3.2 EHRFIHE

JET BRI ST A BIASAY BT T B
R T AR BAR TS A 1 S Bs CV-QSS J5 R
PIAHEAT I AMBUE 73 A dealer 55 HTE fit
R (Alice) FEES N L, HMETA M-1 -
AT TEX M 2 (8], I AP Z AR A
ERATR]. AR TR 10 W, P ) QSS J5 AR H
RN o R dealer 5B P 2Z 18] R AT
QKD s/ NEGIAR. O T b, teabBoE
ARSI L e &o , I HAEAS P d AR
PRAH R T2 W 8 BT g L AR A i e R AR ), R

Elflzfzplz"': R} ﬂi]Tﬁ{%ﬁj\fﬁ,/ﬁ\fm:&m:
== MFEIE R T, B/MG QKD %

AR N K H dealer 5 Alice Z R BHR. FHE
6 0 T A B B R B T T SR R
F H e B/ IMEAE M T ER H 1 QSS T R H1R.
H R o Br al 0, Br R 1) CV-QSS 7 R %
AT LICR FH R A T CV-QKD T RE R
THE . WFE R PR T, Frg il iy CV-QSS 77
FHBRT FR I Fak 0] 5oy B39

K = BIAB — XBE, (13)
Hirp Ig %78 Alice 5 Bob Z R HAZ B & g%
RJTE PR xee Fn Eve (RSN
HURHA M - 1A ) 58005 Bob Z 1Ay
Holevo F. 53 s AN P IO (Z 8B4 5 T, 5 h

T, — 10790°, (14)

Hrbw RN HFEREG 1, =[(M —s+1)/M]L
FRRFEWTT Bob (43 %4 dealer) 555 s N H P
o £ D T NS B e R T L NGB u.
FHRRA NG

T
& = T (&0 +€™M). (15)

PRI UFT 235 0 o A 8 B A T BRI IR P xine HE R
WIS

1 M
e = 7 — 1 s- 16
X1 T + ; 3 (16)
DU U285 T i A S 7

Xtot = Xiine + Xhet/T1- (17)
R KI1E Alice fil Bob Z A [0 HAZ 8 & s . 24

$2ULTHT Bob (43 &3 dealer) Sk A 2 B ET, &
SRR Ly MRS
V 4 Xtot
1+ Xtot '
HAV =Va+1, Vah Alice BIHDT2. S U
N KA dealer B {EHPE, AV =1
JFFH VA=V, .

Wil Eve UK A M — 1AW {5 H P BE
i 4T Bob BY %5 8H 3545 19 B K AR B & xee

xoe = S (o) — / dowp(on)S(0L),  (19)

Hort g 7R~ Bob 2R b 22 BRI By A5 (8 £ 45
R, I HA ¢ = {zs, ps} = {za, pa}, S(-) KR
TR p WU EI, p (o) FnIENOT I 4521
HME R B IF H pf® 78 Eve 3T Bob
W25 R 18, F IR TESLbRh Tk X Eve
T LA G P 3R-AS 0 B K AR B e TR, S T
ff DR A )R, T LMK pacrea, 22w 125, 24
Alice Uil &1 T (pacra, ) NSRS, 4507
DLARAS T 52 th J7 2 B 2 F FLRR Mo [ it
(19) X AliHE—LEH R

L (-1

}30( . ) (20)

2 (-1
XBE = ;G ( 5 ) -
H G(z) = (z + Dlogy(z + 1) — wlog,x , I H.

A2, = % [A + /A2 4D} : (21)

Iap = log, (18)

Hrp
A= V2 + T12(V + Xline)2 + 213 (1 — V2) ,

D =T%(1 + Vixiine)*. (22)
N34 HFRIRATE N
1

Na=3 [A + /A2 43} , (23)

Horp
1
A= ——— IAE +1+ D+ 2xu[VVD
11V + X)) { het

+ TV + i) + 2T (V2 = 1)

2
\/EXhet +V

Ty (V + Xtot)
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e (18) =X, (20) 20, (21) 5, (22) 5, (23) XL
K (24) 2, (25) AT LLTHEE S B4t J7 S8 i 2%
BRI T SRR,

4 e AT

AT R bR R RS HOR RN S T AR A
SRR CV-QSS 1 R EMERESEAT A #r, IF
HRETHAE R A& CV-QSS £ (Ui
ELAE TR MPEREUEAT LLER. ¥ K R H B
WEMT: YCFIEBFERE w = 0.2 dB/km, $2IK
Ui PR #8% FFAACR L RS 7350 R = 0.6, v =
0.05 1421, MRS ¢ = 0.001, DHRTACZE B =0.95.
TAE FRT R, BE IR TR T AR
AN R A P 0 € RIS P PIA

I S, W g =go=-=gu. N T T
BT, 9= =g = =gn. BMWhtiSHg =

LI, B = 0, R TEHI I EM, NMEE
RO ML M

B4 25 W T B4 7 RS R 5106 7 21
KR, W58 g =1.001, HiE 4(a) ZEEA
G5B S BT, & 4(b) W% fEAE A )
AP EEENLT. fEE 4(a) TIEHBEE L =
5, 10, 20, 30 km, JFHH %R M =5. & 4(b)
FHPEes M = 3, 5, 7, 10, H-HAZHIEES L = 10 km.
M 4(a) 5IE 4(b) FTLAK B, bt 14 5 2 DA K
FH PR g3, S 7 25 Vi B AT R X A
WA, I B 7 R R RIS Bk,
AR MM AE T 7 22 Va 8T 0 A F 54~ LA
A ) O AT, ORI o H: 3 2 R 7 T 24 0 il

100

Secret key rate/(bit-pulse—1)

0 10 20 30 40 50
Va

B4 Pl or RSP SRS 7 2 MR

J2 Va #4TF 0 i, R4 (18) 2, Alice 55 Bob HYH.

BRI Le T 0, NITREOr ZREHALBT 0,
PRt B A it 2] O BB IR 22 Va TR
A ESES, RPE (13) 3, S H B BIas = xse, AT
2R K =0, I EHR IR 0 4%
Wr. T2 E 7 22 Va = 3, 12 & 4(a) A 4(b)
TR R AT — DR, I HAZIEEXS 0L Y I
77 25 Va JUF- R BB f B 2 LA P 8 M
AT AR . 33 e B BT 4 Hh i O 22 v R R o O 22
VA FAE—" e E, Bl Va = 3. 25 V) BRI e
OB 3 i, JC1e 1% i I 25 F0 P B fnfe] A2
A, AERE R A 25 R R SR 2 B — NIl PRt
TE R E g B, PRy 22 B BE N 3.

Bl 5 25 i T R4 O RS AR S A i I S
R, HrpE 5(a) RS SE g =1 (FAETT
%), B 5(b) BRI SH g =1.001 , K 5(c) £
GRS g =1.002, B 5(d) #ontizi S48 g =
1.003. 7 5 R P 80E M = 2, 5, 8, 10, 15, It
HHAFEY T Pirandola—Laurenza—QOttaviani-Ba-
nchi (8127 PLOB) Jt, iZ A IR R si0 i i+
T AE PERE B &M BR (431, AR 5 Fm] DIRER R, 75
AR H P BRSO T, BETE (g=1) 1
PERESEIL TR I R nMERE (9> 1). BEEHY
RS g B, B R BRAR B S & TS AR
AN MR PR BT R R T AR LA S
il 1 CV-QSS 7 Mgt B AL, X &M
LM BB H 2 S X CV-QSS T R4 et
PR R, TN — A, A TR,
FrE T 2 iR T 08 T AR EUA A A
ARE ANt 7S DA I RE 515 21 5K A % B R it

100

Secret key rate/(bit-pulse—1)

0 10 20 30 40 50
Va

(a) AFEEHIEES L (b) AR P St M

Fig. 4. The relationship between the secret key rate of the proposed scheme and the modulation variance under: (a) Different trans-

mission distance L ; (b) different numbers of users M .
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—4 1 H L L
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5 BT 7 REE YR S MR RO R
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~ (b) — M=2
o 101F
3
2
= 100
~
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<
~
g 102
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5 1073
o
n
104 : :
60 80
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102
(d) — M=2
-------- M=5
1Lk
10 M=28
— M =10
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3 — PLOB bound

10-1 N
10-2¢

103

Secret key rate/(bit-pulse—1)

10-4L L . . .
0 0 20 40 60 80 100
Transmission distance/km

(a) g=1;(b) g=1.001;(c) g=1.002; (d) g=1.003

Fig. 5. The relationship between the secret key rate of the proposed scheme and the transmission distance: (a) g =1; (b) g =

1.001; () g =1.002; (d) g = 1.003.

2k AN, BER P B MRS, BT A LT
PR TSR CV-QSS 7% 5348 CV-QSS
T R REERRE Z FF#AIK.

K6 45 THEARFRLRIEE LT, I %A%
SRS g MR, K HP G M =5, A%
PAS M P RCE M = 5EHITR A CV-QSS %
X3 55 S H g WS 28 B B AL mT A B i
L=0.7EF 6%, L=0mH1EEHEGILE

10!

10 E

SESTSES
[
WK~ to
et
58 B

Secret key rate/(bit-pulse—!)

10-4 s i L f n
1.000 1.002 1.004 1.006 1.008 1.010 1.012
g9

K6 TEARFERMEE LT, Fridiir BREIRSHE R
SR g R F

Fig. 6. The relationship between the secret key rate of the
proposed scheme and the gain g under different transmis-

sion distances L .

/N, DNIEL 6 AT LUK BR, FifiE G5 EE 25 L i3 m, fr
FE 7 SR 25 SAL g IS L EREAIR, EXTERE
R TFAHI R TS AR BRI M P 25 2 R R
ik, LAk, B ErEREfh &AL T 1.01026, B 252
B g AR ERE EA g = 1.01026 . X RIS PIA
R 25 S H0H T 1.01026 B, FrEEH ) CV-QSS 5
FAEFH P B M =5 W1EIE T JCILBEBUT (T2 4.
PR, MIEBRAR T2 28 BT 5 | A AR S Mt e 1
AR %8, 76 M = 5 TEIE R, Br i CV-QSS
T SN E A e P 2R R B 5k 0.0513.

5 b

CV-QSS J7 & FES AT A ML it A JE A
2 AT T A PRI ST, 765267 CV-QSS
Frder, BETAS I B RS I | R
IR, DT 28] AN . X ERE A CV-
QSS RGAE A2 2 A . A SCH 3T JF 34 it
A 45 SRR CV-QSS 1, BFIEAMT T 52B7
CV-QSS J7% b S35 h 775 10 4 11y B0 -IE 348
JEPA, BIESBR OV-QSS i, ShRBobss . 3k
S B AT 08 5 1 TR T ik 51
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LB KE. AN, AT REME X EHAR T2
TS A BB 75 HE AT 8 AT, AT SR
P AR PRI 2 5 PIA A4S & 0977 200k R Fh
HE AR ST, ST, @it A H PIA
FIXE2ESH g, TTLIXTSERR CV-QSS J5 S HhaE AR
AW TS A RSN L M AT 8 i
M5, IF H R AR %8R AR Ieak, 3
THAHT PIA 19325 250 g, BEAEAS 3SEPR CV-
QSS 77 ZE % B HAR B A5 5 T 5 ) A BB Aot gt
FAD R SR, L, ASCHR 1A 5 =0T ATE
ANE CV-QSS HEZRZE M FT$E T, A 280 i
FH JE BRAR A A Bl R i e fR kR, h CV-
QSS J7 FAEE B T BRI FH 29 SEA.
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Abstract

Continuous variable quantum secret sharing protocol can guarantee the unconditional security of secret key
information based on the fundamental laws of physics. However, the state preparation operation may become
non-ideal and imperfect in practical continuous variable quantum secret sharing scheme, which will introduce
additional excess noise and affect the security of the scheme. Therefore, it is necessary to analyze it. We propose
a practical continuous variable quantum secret sharing protocol based on imperfect state preparation.
Specifically, in the proposed scheme, we assume that there are multiple users, and the imperfect state
preparation performed by any user is equivalent to the corresponding untrusted third party using a phase
insensitive amplifier to amplify the ideal modulator and laser owned by the user. The equivalent excess noise
introduced by the imperfect state preparation can be calculated comprehensively and quantitatively through the
gain of the corresponding phase insensitive amplifier. The results show that the continuous variable quantum
secret sharing scheme is sensitive to the excess noise introduced by the imperfect state preparation operation,
which will inevitably reduce its performance and security. Fortunately, the upper bound of the additional excess
noise tolerance for the imperfect state preparation is achieved by using the specific gain formula of the phase
insensitive amplifier, thus the security risks caused by the imperfect state preparation can be effectively solved.
Due to considering the additional excess noise introduced by imperfect state preparation, tighter secret key rate
curves can be obtained by the proposed scheme than those by the ideal continuous variable quantum secret
sharing protocol. These results indicate that the proposed scheme can improve the practical security of
continuous variable quantum secret sharing scheme, and provide a theoretical basis for its practical

applications.
Keywords: imperfect state preparation, continuous variable, quantum secret sharing
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