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HE RUBSENEZREETHUEAZTRARWE AN, HERNENRZEXEER. AT, ELHERF,
B S 2 ERN, ARENETEREE TH, SRESTEETUEAFARWEIRMERTR. & T #x
BE R, AXEHETHARRAABNEHAFESL L EETUERETTE. LF, BT BRRASELTH
BAETEITHNENERSE, REG TR, T DA BN RN FE B R G2E T 1E REEE T
h, REARTNETER. ZREREH, HTBRBRASECT ARG ESEL EETHUEXAFTRARNE AR
ZoftmiEn, BAGRAFATRAAELMEREAER EXABARNZNESETEETHUE LT AR L.
AXREHHEAMARFEERNEHGE RN ESE T EETUERT RS, RET HAERE.
Xigial ETMUERET £SLE ETHSEG, MIHRAAE, ETEL

il

1 3

ML — MRS B FIRZ 0, IR IE AR Z 5%, A0 Rk E XTS5 LR E,
ARk s U, B EFHORT WA R, I T BTN LR &M% ILE (quantum secret
sharing, QSS) 2. QSS My A VEANFFIE T4 LM TH R G A4k, T2 &1 70 EBARAE, MR Ak 5 3L
R 22K AT R Z 2R T BTk 2 2. BTN RN A SEEE T TE FRENE THHSK
(quantum key distribution, QKD) FiA B~8 QSS O~12 AU T QKD i F P # (1 BRI, #i b v] DA T
EEEPA S, EEER RV AT 2 e R A =

PGS T R AF], QSS B4 AW BEHUAL & (discrete-variable, DV) QSS [13:14] FI#ELEAF & (continuous-
variable, CV) QSS 1~171. 43K DV-QSS 7E5L5 LS T i 2 2. 2023 47, Shen 55 A\ U8 42 73T AL
i QSS Whil, EBr 7298 BRI T KA AR S BEALAG B 75 22, BRAIK 7 SRI0 2 2. fEpLIER B 2024 4,
Wang 55 N\ 19 gE— B4 7 A BRI SE IR AR T8 2 TR % L 2, it 78 22 4 % B AR A R e i A2 o
XA 2 538 R AIRAREE R £, FEA RSB A TG P S0 (18 00 T SEIL 1 2 3 ARk, R T T X
PR AN o R R 3 R 1 7 A 1 22 AU K17, DV-QSS 1200 38 75 B0k 2 15 B m D 7E B b FImIRAS b, T my i
BRG] 28 U R 5 A P v JO R 10 BRI U A v R BURE R BRI TR 2 S R, SERR SEILACNME. T CV-

SRR BT, VAR, 2840, 5. JE T AHANBURRTBOC & 10 e 7 i ) e 2k A B R i L hERL A (5 ERNE, 2026, 56: 1566-1578, doi:
10.1360/SSI-2025-0437
Zeng Z Q, Fan L Z, Qin Z, et al. Gaussian-modulated continuous-variable quantum secret sharing based on phase-insensitive
amplifiers. Sci Sin Inform, 2026, 56: 1566-1578, doi: 10.1360/SSI-2025-0437
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QSS P2 R T IE AR mEOR R, BB G BRI & TS IER & b, AT IabE s
ARSI o I & CV-QSS HOAR SR a7 8, BRINEL AT B, 2 QSS I HE B K 7 1A]. 2004 4, Lance
N PO BTSRRI T (2,3) NRETFELE, R UY REMER (t,n) TRITE. 2013 4,
Lau %5 A 261 ¥ QSS 4 @ BESA S AU, IR 1@ 70 KBS B A v UL E 2 i E B E 7 8.
2017 4, Kogias 25N 27 $2HH 7 —FpsE F AN CV-QSS HE, JHES T HAEWT MR TR (t,n) TRIT
FAEN PG T & A WL S 5 H 70 5. S0, AR BN WAL T 27 M gE, 1S 5FHHEIR KB
ABARIEXE LI, I H AT SR 1 5 M LA A 5 B 0. il e 8 B2 A A, 2019 4, Grice 45
N PSR T A T 99T CV-QSS TR, $E 1 CV-QSS AT A B I{EIEME S, JFiRH CV-QsS it b
AT DA L i A T A S, b T R R e (HZ TR (n,n) TR CV-QSS, REMAES5H G
TEA e SR EAE 2., B BOR MBS, 2020 4F, Wang 26N 29 32 H 7 —Fp Gl R T35 TR (¢,n) TR
(1) CV-QSS 75 %, i i A% B H G (AR ZE 73 il o 1y, 45107 B2 ¢ NS 5EGEA etk & 5 465
W, T AN TEVERBUEAT S TR B 8, RIESETE 177 S0 R 5. SR SERR ) e i 1) 77 58 e 2 A e
PE B E LA 88, X KRS R 7RSI RAS. ik, 2020 45, Wu 28 A BO $EH T — R IGEI CV-QSS, %
T3 Z W SN P 75 E i R MR v O LR 2, BRI T I SOA. 2021 4, Liao 55 A BU MGAH T 1K1
B S EOA S A T4 (discretely modulated coherent state, DMCS), $#&iH T —Fh3EF DMCS ) CV-QSS, i#—
PR T S5Fr CV-QSS & T4 A ik F2 i R . 7E bR B, 2023 4, Liao 55 A B2 E— P42 HH T —Fh B T
ZI RO I CV-QSS, 18 2 A B HuA S RS 7 #2570 #F DMCS AR, e 1 S BiH CV-QSS 1
PERE.

ik CV-QSS R EX CV-QSS [F A HREAT T 80, HIRITHE CV-QSS wh AR LRIES (1) BRI T i
FH) S B ) . S b, bR T SERRERI B A AE BRI, CV-QSS ZR Gt B RN 22 4 A e 5 52 B b xfk DAGA 21 38
PERE. SRIE 12, 7 QKD 4, 410 B ARSI B 6R [ IX A 7] R, Fossier 48 A 331 T 2000 42 H T —Fh AL Tk
SRR T QKD J7 %, LM TS HUBOC S I A BUBOR 2% (phase-sensitive amplifier, PSA) F1AH AN
JETBOR A (phase-insensitive amplifier, PIA) $5A] F T-fif ¥k tH T AEEAEER I 28 SR A 2B QKD RGitERE N
[ L 2022 45, Wu S5 B $R T —FhoRE T SERR PRI 38 M3 1) RS SO fE SRR B B 1 % 508 QKD T,
BT PSA X ZEZRMHATAME, ARERTE T RN FEHEMZ 2L mEE. ML, HEl CV-QSS 4l
Xof =l FERAEL R 28 1) R B OB A8 I AN 78 23, (B, R ONBIE A0 O i ol B ABLER U 28 ) SR PR BT CV-QSS R 4t SEFm
PERE TR, RA R EENE S AT CV-QSS RS SLFRERE b &

iR A AR RN ZR BR G B ) CV-QSS R SEhrtEfE N I8, A SCHE 3T PIA BE s Cv-QSS
Ti % %IT RIEL K PIA #B AL K ¥ Dealer dif LAFMEZ AR B ABSRIN 35 A GREE. AR, PIA W] LA S HIHOR
G AN IEAS &, SR EE T DDA, AT AT ARF X I8/l 2R ARTR I 25 A SR Be 0 15 5 (0 38 R e 75 40, 3
CV-QSS RGiHSEFrIERE. SLIR L RR M, ARSI TT A R 7 AR FAR RN &5 X G Re, 7618 FH FE SRR PRI 2%
TE LN B PR B K P BRI T 48 CV-QSS T 4.

KRICE 2 VR ERT R T B BAR NS 28 3 WHESEET PIA & rifH] CV-QSS 77 RMEH=R
AT 4 WO IVEAR SRR R 544 CV-QSS RGAMTEREZRE; 58 5 TifEH a4

2 &T PIA B9580AH CV-QSS

PIA j&— MRS RO B9, f— MG aE 5 g RIEHBBCR S MTT 29 N B EPR 41K,
EPR &5 3 A — A E N TBOR &5 8055 — AN A\ dim 1 DUSUBOR 25 A [ A e A5 . PIA. [ S5 A2 BE U BOR P A I 52
oy &, JLBORAE AT BLAE OS5 5 8 AT X IR g A, (Bl T ORI S 5 825 PIA WHIH A EAR
A, BRI SIN—ERIME A 18 1 45 H 78T PIA Bym i) CV-QSS M7 K. #E1%07 R PIA il
FE53 K4 Dealer WHFLARIEHTCIEAE G Eve By, M AN 553 K4 Dealer Mlid— 2% & TH S
T PO AT S & T 5 RIES 5 KE Dealer. MBINE S KSR E TEE Him, PIA BOKKIZET
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Figure 1 (Color online) Gaussian-modulated CV-QSS scheme based on PIA. HABS stands for highly asymmetric beam splitter.

KM EFET, WRE TR, 53K Dealer Fifi J5ff F AN 2RI Z8 XS TEOK G (IS 5 AT I 45 20 2 25 3.
BRI T RAZTRIMT.

(1) Uy fEAMH S SRS TE |21 + ip) HHHKENETEIE. Uy FEFESSLH] & & A H A T8
|zo + ip2), FEiEIT HABS BAHTE |22 +ipe) WG HE Uy NG5 FHFEFE 80 FHoh A 3047 A8 R 1 #
1E. ¥ BT A H P E ENAHATEEE FEEAHEHE PIA . #E46 Frg A S B TERIEH
|0 VTwe +13 0 VTpy).

(2) PIA X A% RAE ST HORERIE, BKE SRR, R A g S B TS | M, Ve, +
000 V) B AT (0L, Ve +1(L VT "), e (201, VT, A (21, VTp,)” 53
MR PIA XG5 WAL E M B8 7 w47 BIBOKIRAE. 79 K38 Dealer {8 F4h ZE PRI 28 X TOK G BIAH T2 134T
Wi, RAFIMEZSR {vp,pp}-

(3) L EBBRELE Z IR, 73 K3 Dealer 1£2 &S5 R P BENLIE S — 7, ZERFTA B P A A0 H R 1%L
P, FHAE L I B 25 AL B EEE T 2 (T, T, ..., Toe ) 2800 A P 48 38 A AT BB

(4) 43R F# Dealer EHFE—ANH P TS, Hfth M — 1 MHFPCAARTE 7. 2 JERENLTE R 2 ol & 25 R
(855, FRERZH P AN AR A P A A AN . 73 K3 Dealer X873 I & 45 SR 47 B it A,
B 2y =2p — (X0l V)P, pw =pp — (Coly VIpe) T Z 553K 4 Dealer ¥ {aw,pw} FIAIEH T U J&
GEEHE R R R 2 AT 20 b 1930 B e AR Ry A FH P & 8 A A 5.

(5) ¥ P IR 4 BE M IR, FUGEFEAFRMH P AENE . Ba, 73K Dealer 153] M ANEE% (R, Ro, . . .,
Rar}, &8 M NMEHFR R SMEF € N L EERE R, HRARAMETEERRAEH K=K 0K, @

@ Ky 136:37)
(6) 73 KF# Dealer IS E =M @ K XFIMHHE M TN, BENEHEE B. 25, 57K Dealer [WfT
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Quantum stage
U prepares|$l + ip1> U preparesll’2 + iP2> U prepares|$M + Z‘PM> .
1 2 | and couples it into  *** M| and couples it into Dealer
the signal the signal
Classical postprocessing stage
Dedl requests the Al announce the Dealer estimates  |proceeds to request the
eaier lannouncement USETS| orresponding | channel characteristics|announcement of datal
of data data
Assigned users
4l generates the final key Dealer estimates each user’s announce the T
ST Via reverse reconciliation key rate and takes the minimum | corresponding data
Secret sharing stage
broadcasts the collaboratively recover the final
Dealer All users D HoEE
encrypted message key and decrypt the message

2 (MEMFE) £T PIA BWSHAH CV-QSS FRMESREE.

Figure 2 (Color online) The information flow diagram of the Gaussian-modulated CV-QSS scheme based on PIA.

AR FNEEE BB, AP & EEE A IR E M & E Y] K, Al R S M.

BT PIA Hym TS CV-QSS 75 R Bt EE 08 3 M B Wk 2 Fros. BB BriE By
B PRI ) 53 R 4 Dealer ROEA M4 10748, SIS ABH B IE B A5 K# Dealer 55 BT
AR R AATESE, BEE A R 053 K3 Dealer 23 A REEE FH LA THE B HRFIE, 70K Dealer k551K
Xt P AR, R 9y R Dealer 23 A AH LA F DA SRR P ) o6 B R, 73 R ¥E Dealer
LSRR P REAT SR P A R 2. AL B B AR BRI 70 R Dealer [A1FITA FL T SN
B, I P SRR E s & VIR T B

FESEPR CV-QSS J5 %, 73K Dealer S (RN a5 2 AR BLAR R, HARBARIE S S EULAS L &G, AR
TEERI 28 I BREE 2 FEERR CV-QSS RGVEREMC T HLeTERE. Ik, WE CV-QSS T7 R SLhritk s HaL B P AE
B R R A, X I RIS R A i ik bR 1), ASCR R 5 S8 A7 K Dealer i (14450
AT E PIA, DIAMEAEERARSRIN A5 (I BhAA. X2 RN PIA 7T LU S 15 56 P e 74, i R Ak
BRSNS AR BERAT AN B ) B 12549 LA, 72— s FEJEE L REME M2 AR 45 A (R A ik
Be3; BEAh, PIA XHE 5 ROTBORAE 2 B35 3R w5 5 DDA, AT BE R AR X BN 2 5 75 X5 5 A A T3
BE, BT PIA e8Il Id IR PSR B AR BRI S ISREE, A SIS TT AT Em B R RO PRI S, A6 A seha
IS FH 2 AR R0 5% BV AT S AR [ ) R ek, MITTAT AR T CV-QSS S F S AR 5% (14 225K

e

— MR UL, EXT AN BT IR0 E RAEAT NN, 8 R T 4|2 (entanglement based, EB)
IR, X RN EB B AE B 2 4 0 M O T g UE B S L BT R %% — Ml & (prepare-and-measure,
PM) BIALEEAN 381 H T T T B iR 2 v . B 3 45 T AT PIA Mmiiiifh] CV-QSS 1 EB #4457
F. AR 7 K ¥ Dealer S5 1 ZIH I SO U N CV-QSS RGN IAENFR, KR NH 1
593 )% Delaer Z 8] AR Bt A0 Bk UG, BEBGBRT 52 2 5 T8 18 HBOK, 75 PR 5 fe it Ak iR 35 A N I,
TFEAS R G A, BRI, ARSCHET I 77 2 1) EB B HEAT B PR 115
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Figure 3 (Color online) Schematic diagram of the EB model of the Gaussian-modulated CV-QSS based on PIA. The transmission
efficiency 77 and the channel-added noise xjine are controlled by eavesdropper Eve, QM represents the quantum memory.

BB TEE R ALY v, 72K E Dealer M 1 ZIEIFPDCEFKEN L, HRx M —1 AT
AER T 1 9>k 3 Dealer Z 18], J9 T a4 74, BeREAN P #SIAAHIR I e RS o, JUFE S E) R 0L T,
73 RF# Dealer 51 1 Z 8] % 4 P AT ol 1 AU 133);

R=f-Iyp—XpDE, (1)

Hrdr Iy, p FAF 1 f5 K3 Dealer Z M HAZ B & f AT RIIERZCE; xpe ATV #E Eve 14 K3 Dealer
2 [E8]f#) Holevo Jt.
For MHPREESEHEER T, iTRRHN

—ylr

T, =10710", (2)

Horb 1, Ry K Dealer 555 v M HIERE, A B BARGL B kg, R T B> RS B ST R Oy
tp = 1. HT R PR MM EREIEER A S (R 1 4L) B RAE T, IR o0 BRUAAT 1

BUEE » AFPIER R T ORUFORA S » AR RS 5 r AR SIS ENE B LR e,
RN

T,
r=— 3
€ Tlso (3)

PR skt 5 20 28 5 3 Ay N\ 0 PR S PRI 75 xyime RIE T RIR Y
1 M
Xiine = 7= —HE% (4)
Horh, & — 1 Rl A TEAFE T 2R A s e

B FRIEE PIA FISNZEHRIIAE S| NS, PIA XFHE Dy, To 3IARIIIES AT HE A e YEIA, 8
BOERE YEIA W3RN

YA = V9 I vg—1-0;
ne vVg—1-0. g1z
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Hep I = [0 N ge B M o, = 1 .
ML Dy AL T FIFRIE AT RN
Tp, = /92D, + 9 — 1oy,

pDz = \/.ale -V g— 1p10)

Ty = \/g‘rlo + g— ]-xDla

Pr =+/9P1, — /9 — 1pp, .-

H1 L 3CAT AN PIA K55 5 DR BOONER I g 15, RN 1o (il g — 1 SRS 25 5 . W PIA Xt
KRS SN N (g — 1), Hrf N O I U7 2. TR PG S E 8 AN i (P
1AR) B R AN THIY), M0 PTA XA RIS RIREIOR T g 5, A5 20 B BOR A A I 1 PIA SIS P14

TFRLL PIA (38 a5 g, BAEREAN
PIA N(!] - 1)
= . 7
; (7)
AP ZERIMNES SN ), 1281 Ry

= LH L=+ 2 (®)

n
Hodr p F v N5 RFE Dealer 25 % B RCR AN 75 22
SR BB ZRF N i R S ZZ IR 28 51 NEFS X e FIFERRFRLL PIA 958 g, BARRIAAN
Xhet:&:1+(1_n)+2yel. (9)
g an
(10)

I8 4 A S AT HI PIA UM RIIAR ] A RS (P14 ik g
1+ (1—=n)+2vqg+N(g—1)n

PIA PIA
Xhet = Xhet T X = an

T8 5 AR O E PTA FTSR RIS 5 A ROMEFS 75X (10) JERH L IRDLAL P 1 RSB T,
XﬁeItA (11)

S
=5
Y PrA EW o N, oy iy =] N —
HAROy Mee . NS RAENEE RN IR IR xp0r R RN

Xtot = Xline + Tl

HI T RSP ZE RN, 55 M IEAZ 73 AR AT LRIRAE B a5 8, [P 1 A3 K Dealer Z I AR
(12)

1%\% IUlD m‘%{—\‘yg
_ V + Xtot
Top = log, L+ Xtot '
Kb v=vi+1,vi FHF 1 RYESTTZ.
I F AR RS T 2 Vi 5EMISNRIR SRk, WA 2 vi AT RRA
V1 = (1 +Xtot) SNR. (13)
(14)

il # Eve W M7 K& Dealer HIE IR HHR KNG B & xpp RIEAXTTH T ER

xM=smm—/wmwmﬂ@%
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Ho, ¢p Fomoy R Dealer RFAIMEIRMFTIRAFIRIE R, p(op) TR op WEREE, 3P FoRFET 0 R
Dealer JIl 45 R BT Eve B T4, S(pp) M S(pg”) HMFRETE pp METE S(ppP) 5 - k200,
TG # Eve RALML T KRG S1 Dy, 73 KE Dealer uRAMN T RE S1ITFG, Fibh xpp ATRRN

< D,PD

xpe = S(ps,p,) — S(pslIJFG)' (15)

HF 53U Eve TIANR I KF# Dealer (8L LIIRINA G2 SLEEH LA, KL K ¥ Dealer (4N 2R
U5 B BRI AT PR WA Y, BN TOVA B 8638 FEIELR ) xppp 1839 MR N

XDE=§G(M;1)—§G(M;1), (16)

777777

ARG LA BRI A S, TTRATHS T PIA B i f] CV-QSS RGN 2 &% %,

4 TERESTHR

VR T iR T R BRI, HES TR BRI R AN AT PIA I R BT R )
CV-QSS 7 ZiATHERE T, LR 5£4 CV-QSS HEMMEREZE . B8, 0N 2 1 QSS /& QSS i
BRI OL. X2 QSS SEMB M E L, B Z M P e, A #0811 QSS B HH1E BAEH
JARIy K4 Dealer W3 2 [AMME %, AR AAILTEME, RIJCEESCIM B L=, 92 i £ IR R SO FU QKD.
Uk, 7EAR SR P U D0 AT (005 E 0 A BRAAE A A P B0 2 I i CV-QSS RSk IE e
iR RE. BeAk, BT PIA 3685 g = 1 B, 30 (10) 0 xD2A BN xo, BEESEEAS RG0AT DL RO
R HRARIRI 25 HAE PIA AMERIME S CV-QSS 77 %, BIATSCH PIA 4k g = 1 IS DU HI 4R 3 AR 4R
ME LS CV-QSS T E.

AT HEGENBRANSEREW F: hREseR f = 0.95, B ERAE v = 0.2 dB/km, PIA [N EME
N =1, HFBINEME oo = 0.01, FEAESMEZRNZE KIS EHIUEN n = 0.6, vg = 0.1, FARSFZEIRIER 1S5
WAEA n =1, ve = 0. LA ESEURE Iy 9256038 5 15 O~ Al i 20A.

Bl 4 45t 78T PIA Mm s CV-QSS 77 E M Z % 5EME B ISR, HEHRATLUE H, ASCHT
P27 Rk RE B BT T4 AR B ARER I 28 4L S8 CV-QSS 7 R HIMERE, I H A ST iR 7 R0 2 AL M a5 ik T L)
WK PIA 28 g #F—PAME. B0, 25 PIA 838 ¢ S22 3 I, ASCHTIRIT RAME T 5.28 km )22 1L 50
PEES; 24 PIA 3853 g P8R m 3] 20 B, ARSCHTHE T RO —PAME T 3 km 2 AEHIPES. AN, EAER
(R, ARSI RAE PIA Mias g 55T 20 500 T AR AR S e B 5 AR AP 2RI 2R 1K) CV-QSS 7 1 5
KAEHBE S+ e, X — 45 AR, PIA (138 25 A RCRME 1 JEAS f JE B AR SR DU 23 S A 1 B AR ) CV-QSS &
GuSEBRIERE, FEESEPR CV-QSS R G B AL HIEE 25 B8 H 1 {3 FH 3R AR IR 28 1) 15 0L

DNERFT PTA [ o RS AT RCHME J5 A [R] AR R 28 S B 1 PR ) CV-QSS ARG L bt RERI R, 1 5
Bon 7T PIA BEIAS] CV-QSS J7r IR x[1A 5 PIA Had g FISCR. 7T BURIL, 5 0 AR ARER I a5
IfE48 CV-QSS HE (g=1) HIIMEFS PIA ML, AT RS (D14 BRI, HEEE PIA 35 ¢
TR, A SCHTHR T A MR PIA BN, JUHSELE PIA 335 g T 20 IS0 N A SR 7 b (R sy DIA
N 1.08, BA T Er EAR AN Z RIS AT 5 NI E RS BD 1. X — 25 R, PIA F /3 ai A 2 7 JEEARER
D5 HIBREE 5 S G R M = T4 BRAh, T xp 2 ST CV-QSS 8% 1) Holevo 5t xpp # V]
S, B 5 I8 IR 12T PIA MRS CV-QSS &M Holevo 5 xpr 5 PIA 5 g KR WEIH LA
E I, BEE PIA 825 ¢ MUK, AT Z ) Holevo FAAWIFE(G. 1X—45 LW, fiE PIA 625 g IR,
ZIVT & Bve (R R B T T LLGTHUNI(E B LRGBS, G54 BIR A rmr A, PIA (1) s s id s # il
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Secret key rate / (bit/pulse)
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E 4 (MEHREE) £T PIA WEHAH CV-QSS & Es5 (WEHMEE) £ET PIA WSHEH CV-QSS 7%

RIETHE RS RMEENXR. RIKERE X/ 70 Holevo & xpr 5 PIA %5 ¢ BXR, H
Figure 4 (Color online) Asymptotic secret key rate of the h{EMEE L = 20 km.

S
S

Gaussian-modulated CV-QSS scheme based on PIA as a function Figure 5 (Color online) The noise XfeItA and Holevo bound

of transmission distance. xpEg of the Gaussian-modulated CV-QSS scheme based on PIA
as a function of the gain of PIA g, with the transmission distance
being 20 km.

AR LRI 2% R B 015 508 B S T, A AR T G0 Eve 7EAEAR S S T AT LS HLUIAS B BB, M
Ao 5 A DAL= B AR A5 6k B4 1T PR T CV-QSS R G 1 SEBR P REAS LARMEE.
BT PIA Refig fME IR SR AR PRI 25 00 BRFE, DR LG A ST P4 7 S 68 P 75 BRI 248 14 B 2SR B L AE 48 CV-QSS
FERA. A SR 7 P AR AR S ML A 545 S OV-QSS TR ZESR, B 6 £ 7T PIA TR H
CV-QSS J7 RIE AR SRR MK R WK 6 ] LU H, AHECT A AR AR BRI 28 1 AE 58 CV-QSS &,
ASCHTHE T SAERM B RR 2R T R A 5. B, fEAEHPE S L = 32 km (IIEOL T, X T4 CV-QSS &
Hh T B AR 2R 2R Y 0.937 [/ SR8 A BE IS B R G MERE, ANSCATIR /7 RAE PIA Hi2d g T 20 WY
AT FH BRI 38 20 2 0.245 HIHRINZS B A BAH R R Gu ik fe. X — S5 R, ASCATIR F RA TR T =
JoR BRI A, 58 FH S BT S B B FH 2% P AR 2% B AT SEURE [R] (1 R Ge PR, 75 S Brs 8 b B S SR Y 3E FH .

AL T R 7 — MR BB 2 H KA P 5l NS e, BRI T S2FR CV-QSS RAHIHL. K 7
Y THT PIA BTG CV-QSS T RIEAF SIS MEFS oo 1550 T RIVERE. B 7 FmTsn, BiE -
SINIEME 5 (I K, R R EBUH TR, R, @ B 51 NI s w1 LUR R A ST 7 &
(R RE. BEAk, TEAH G SEE B I OL T, AR SO T RaT A 2 P 5l NI g S S B T4 48 CV-QSS T R T4
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Figure 6 (Color online) The relationship between the detector
efficiency n and the secret key rate of the Gaussian-modulated
CV-QSS scheme based on PIA.
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Figure 8 (Color online) The relationship between the secret key
rate of the Gaussian-modulated CV-QSS scheme based on PIA

and the transmission distance at different transmission distance
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Gaussian-modulated continuous-variable quantum secret sharing based
on phase-insensitive amplifiers

Zeqi ZENG, Lianzheng FAN, Zhe QIN, Delong LI & Qin LIAO™

College of Computer Science and Electronic Engineering, Hunan University, Changsha 410082, China
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Abstract As a core component of the continuous variable quantum secret sharing system, the performance of the detector
is crucial to the entire system. Nevertheless, in practical circumstances, the detector is nonideal, whose defects can introduce
noise interference into the signal and result in the performance degradation of the continuous-variable quantum secret sharing
system. To solve this problem, we present a Gaussian-modulated continuous-variable quantum secret sharing based on phase-
insensitive amplifiers. The phase-insensitive amplifier can uniformly amplify each orthogonal component of the signal and
increase the signal power, thereby relatively reducing the noise interference caused by the defects of nonideal detectors to the
signal and significantly improving the actual performance of the system. The numerical simulation shows that the phase-
insensitive amplifier effectively increases the secret key rate and the secure transmission distance of the system, and the
actual performance of the system under the high gain of the phase-insensitive amplifier closely approaches the performance
of the system using an ideal detector. This work provides a novel approach to addressing the issue of reduced performance
of continuous-variable quantum secret sharing caused by the defects of nonideal detectors.

Keywords quantum secret sharing, continuous variable, quantum communication, phase-insensitive amplifiers, quantum

cryptography



