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Abstract: Two schemes for quantum secret sharing of single-qubit state were proposed. A symmetric three-
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qubit entangled state and an asymmetric three-qubit entangled state were used as quantum channel, re-
applying the appropriate unitary operation. The schemes can also be generalized to the case of arbitrary
considered. These protocols are considered to be secure.

The sender performs Bell-basis measurements on her particles, and the cooperator operates
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single-particle measurements on his particles, then the state receiver can reconstruct the original state by

two-qubit and multi-particle entangled state. The security against certain eavesdropping attacks is also
information splitting
=
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w, T HREAEERRR, EHTA & RN B v SR i B B AR e R BT A L = R
VEEAEm. BLS, TRfEER T R R LR ATE, ST REItEr EaggRs .
A3 A— D XEFRI =2 ST PR =B F 2 SV A B FFE, R T A RAER TS0
ETRELETR.

2 TR PRA S EE AR R R TSR L E TR

BINEE =G0 ¥ i3 Alice, Bob 1 Charlie . Alice £8E 45 Bob 53 Charlie &% — ] ARH A
MNFSHETER

lp)1 = al0)1 + B|1)1, (1)

RE o F1 B EEEE, HIWE [o? + |82 =1. Alice B4 o 1 8 BfZE., T Bob Ml Charlie 1411,
HUTE Alice ME&EIZE T8 BRI MPIHHRS, 2K 4EYE Bob Ml Charlie . 24 BB EE A E
HAERT IR E B — 7 A RER MR R AR TR, (B —BE A 5 B R A fER g il
TE TG R R BR A TS E B

#+ Alice, Bob fil Charlie $tZ— A% Ff =k 72 28 25 4E b B P E 1

|¢)234 = %(IOOO) +[110) + [101) + |001))a34 , "
KT 2, 3, 4 5 BIJET Alice, Bob Al Charlie, f-f5 BRI {5 A4 U DR F RA T 5 N
| )1231 = |0)1]¢)2s4 =
%(aloh + B]1)1)(J000) + |110) + |101) + |011))234 - 3

B, Alice XA RALT 1, 2 #E4T Bell /W, Bell BRYRATE AT

1 1

|6%)15 = \/§(|00) £ [11)12, [FF) \/§(|01> +[10))12 , (4)
M2 J5, Bob I Charlie FriiA b FH-SXT VR4S LT DY fh2l g5 2 —

12(BF | ) 1934 = %[aGOO) + [11))34 + B(|10) +[01))34] , (5)

1287 Pizsa = 5 5[0(100) + [11))sa = A(10) +01))] 6)

12{ 0T [P)1934 = %[a(“(]) +101))34 + 5(|00) + [11))34] , (M)

12 Y7 [¥)1234 = 2—\1/5[04(”0) +101))34 — B(|00) + [11))34] - (8)

BT B VR, Alice B A BT EE L8433 Bob M1 Charlie FrlAETEZ H,
R E RN RS BRE L. Bob fl Charlie LA — M AR AE S A EAVERE B3 T AU
REEXT H CHORL AT RSN TR Alice RABTE. MI\AT R EHE, HaEE MRl
REVESHER. AR, BIMEIE Alice By Bell BMELER N |61) 10, MIER (5), HATHTLIE Bob
M1 Charlie $H WX R FRE R,



F4M SRk BT =R A AR H BT AR T AR 423

|®)3a = (100) + [11))34 + B(|10) + [01))34] =

2\f[
Z[IO)g(al0> + B11))a + D)3 (al1) + B|0))4] - 9)

AYifE Bt Alice ZAE Charlie EME TR, MR Bob AE B Charlie IREWIHE T, H4 Bob
TR 3 AT R TSR, FHEAAMELR. W2k Bob W ELRSE 0)s, A4 Charlie kLT 4
KEIMAENTS l0)s + B|1)a, XIESE Alice A HRIBIIHE T4,  Charlie RFFEXRLT 4 FEATAEMTHRAER AT
URBERIA R T R Bob BIELERE |1)s, MK T 4 KHSBWAEIE all)s + £|0)4, WLET Charlie FF
BERPRLT 4 it — 4 L IERAE U A LIRS METEE. KIEREMT

Uo = [0)(0] + [1)(1] , Ur = [0)0] — [1)(1]
Us = [0)(1] + [1)(0] , Uz = [0)(1] = [1){0] . (10)

A RATRRHERIME PR, Alice IFEXT A BT HEAT Bell ZME, TREALH &
TE B BEEREES—THE TAFTUREHR TS, hEENEEAMERTFASNEMNSR, F
BERCE BB R TE LM L ERER T U SEREFAMIKE. R 19 M, 4§ Alice XPRLF 1 F1 2
#J Bell /MELER, Ms 2 Bob XK F 3 R TEMELER, |¢)4 & Bob FEHR TMEZ FR T 4 15
A, Uc & Charlie BRE Alice MG F AU AXTRLF 4 Priftiy £ IEHRAE.

Table 1 Relation between the local unitary operations and

measurement results in the scheme of symmetric

three-qubit entangled state

Mo Ms |p)a Ue
|87 )12 0)s al0) + B|1) Uo
1)s all) + 310) Uz

[®7 )12 0)s al0) — B|1) Ux
1)s all) — B|0) Us

| 212 0)s al1) + B|0) Uz
1)s a|0) + B|1) Uo

[ )12 0)s al1) — B|0) Us
[1)s a|0) — B|1) Ur

3 FET =R AR MG R R R T A A LT R
% Alice, Bob fil Charlie SEB— N R =KL T4 A 1 Kk F-Ari 14

1
[Blave = (751000

Alice IH KT 1 Fl a, K7 b Al ¢ 735J& T Bob M Charlie, MR T RAME UG E

1 1
) +51101) + 5|110>)aloc : (11)

[ P)tabe = )1 © Bhave = (al0) + B1): (=[000) + 2101) + [110)) . (12)
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BT {8 Bob #1 Charlie B L Alice FEETHF R,  Alice HIEM Y X H S BB DBLTH#E4T Bell 25
M, RIEMELSERAAF, Bob M Charlie FHA Hpb TR Y HUR 4R E] LT YRS Z —
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B ) 1ape = %[%| |01 —|1o ]bc (13)
D] P) 1abc_%[% ——|01 ——|10 " (14)
T B 1ape = % [%|01 |10 f|00 ]bc (15)
17| P rape = % [S101)+ 5110y - f|oo>} . (16)

TEXTRLF a 1 1 3647 Bell SMEZ )G, BT HELHK, BFFEECLMEFHE] Bob Ml Charlie Prib=)
wgERZ A, WEETEFRNSRIRBESTM. FERBNE, LR TTRBSMEZERNY, &
—ARHERJLEH K 1/4 . Bob Ml Charlie B3 4 Joik il Rl e KE RABERTHE [0 . HTE
HRIEEEI RS, Bob Ml Charlie M4 BB A REEMBETAMEE. RE—MlE, RITBIE Alice 315
Bell ZMELERA |0 ha, K HAFEAR. AR Alice Z4E: Charlie REMBILEHIRFZ, W Bob
FE W8 Charlie, R @ H CHRF b F1 Charlie B F ¢ SEili— KPR FHEG & IE#RAE

=(00)(00| + [11)(11] + %(ml)(ou + [10)(01| + |01)(10] — [10)(10]) . (17)
LML EHAEZ )G, BRF b Ml ¢ (K AT A A

Aoe = (2101~ 2100)) = Ziohulaln)e - £l0)) (18)

M EXFFEH, BT b LR |0, BF ¢ &FE a|l)e — Bl0) . XFMEM T, Charlie B4 7R F ¢
B — A L IE#RAE Us, X 1IE#HAE Ui(i = 1,2,3) [ (10) . 7£ Bob W#HI T, Charlie A ATERF ¢ b
HEHEYGEETFSER. M FHMFA N R RN E RN ETEN R L ERRIEZ R R AT LIE

AR T IRIRAT . SRBREINER 2 BiR, HA M, 15 Alice XPRTF 1 1 a # Bell BMELERE, |9). 5H
F e AWM ETE, U 4§ Charlie IRE B 5 R REMITH L IEHAE.

Table 2 Relation between the local unitary operations and measurement results in

the scheme of asymmetric three-qubit entangled state

M, |$)be 2[P)ve |$)e Ui
#9 [0+ Sy Gno]  Soo+ Sy ao+sn G
16 )1a LQ [%m) - —|01) - —|10 oo - §|01) o) — By U
T % [S101) + S 110) + %mm] S+ §|00) o) +8l0) e
e =[S+ 50— S0]  Son -0 e -s0 v
4 BN

AT SN BEPIRR BN ik T7 R 2 2T T, TE5 T =70 PR 2 28 (58 MR R BB T
SEEFET, BREFE—TRTE (Eve), MARTOR T/ Hlid 7 it B 75 E 21 28 — DR Bk TR B
Alice FrEfmm R THEE. MRS 5B =778 8a 2K H Eve MXtdi, 4, 7E Alice M HYTH
WIRLFHEAT Bell [l Z )5, Bob, Charlie fil Eve MBI 7 RAEM SHRIBH D — D =R F R 212855,
ST, 24 Bob Xt Fr#iA WOkl T #EAT ¥l T 2 )5,  Charlie Ml Eve M KK AR — 1 EHRT,
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Eve i ASIRBEMRIBETENER. AT EHEMER, RIMRKE Eve IXEI7EL S51E L 2|8 —1 5
BRI T |0)s, 412R Alice By Bell Z5MELERA |67)12, HFA Bob, Charlie fl Eve KR &K 2R R A

a(|000) + [110))345 + B(|100) + |010))345 - (19)

WM Bob SLifi— KN 0); BN, Charlie-Eve UMM RKHIBHRIE (al0)s + B[1)4)[0)s . FI,
Eve HIZSIFERAHEE, W THEMXT R, EREGEY, Eve BAEMEKBCRAETHEEILE.

AP EELRE: BIMRESE5EHFRE - RAWER, BIR Charlie fEREDH, HH MK
M#27# Eve 51E. Charlie B 28 Alice &84y Bob WfFEMLT, REFH—1 H CHER IS Sk
THEL Bob , XHE, {2 Alice & Charlie REME T5HF, Charlie 4 REAPUL BT 57 B T5 B
SR Alice Z{EHZ Bob M A Charlie BEME T3S, 4 Charlie EGHIT RS BAE. BT Charlie
RHE Alice fIIEZE, FIMA RS Bob MR RLTHRINETE, Bob EMHARMMGELEA
AT Alice &R fEE. 24 Alice fl Bob AFF X H—/NME2EFEER, MITHSERERTEEES
WTEIAT A

BRNBEBREEATROZ2NE, FTRERGHRGENFE, Alice 7] LAREHLZERE—> 5ok 1
BHEXTHRF AT, Bob Ml Charlie IR FERII AN & 5 PR FREATIRL, oy T 20 28— — X R Ag R
T, AT RSSRYIZRMXH. WRERTFETFERTE, BLGMITATEX R R RER &
RIFIEE R, XS EIRASNTI RS, MR Eve WM TRAS BT RATIAHR,
MARGH BT SR IRERM BTSN R TR ERS. XM, BHHERIIERE Alice BARIER
VIIAARAGS. G, X TREBGHENIGERINNETRELZTRERZ 2N,

5 HiRiE

AN T AT 2SR BT EE AR AR TSR I Z M, 2R T — 2T RE
SR TREMAX PR =R TEERN B EILZ IR, WPERMSNEP R 58 U Ir R L 21T T 7
#r, BHBEAFREOETFRELZTREZ2 VRN, FEFRET U ZLZERRAR T EMAR
MR TR 510 B, Bae FRM T —AMETAMKRFEENFRTFERASHRE M, %
TRERHET AN EFEERREAST UM R EENRBEASEREEZSHRETHER, AN
WEVENETHFEANTREENE M. FI, ®OTT P8 TR E MRS RN R T EEER
TARF LA,
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